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ABSTRACT 
 
Truck lane restriction strategies (TLRS) are strategies used to manage truck traffic on highways 
by prohibiting trucks from using certain lanes in order to minimize interaction between trucks 
and other vehicles and currently it is under consideration for implementation in Louisiana‟s 
multi-lane highways. One of the serious impacts of a truck lane restriction on highways is 
accelerated pavement damage on unrestricted lanes due to the increased truck traffic on them. 
The purpose of this study is to estimate the increased pavement damage on the right lane in terms 
of various distress caused by imposing left lane truck restriction on trucks with three or more 
axles on a six-lane highway section near Lake Charles. Estimating the reduction in life of the 
pavement caused by introducing TLRS on this section and determining the sensitivity of the 
input factors were the objectives of this study. The Mechanistic Empirical Pavement Design 
Guide (MEPDG) software was used to estimate various types of pavement distress expected 
from the increased traffic on unrestricted right lane after prohibiting trucks from the extreme left 
lane at the study section. Traffic loading, climatic, and structural data were used as inputs to the 
model. Data pertaining to vehicle classification was obtained from Weigh-In-Motion (WIM) 
records and pavement structure information at the study section was collected from the 
LADOTD. Climatic data for the study section region were available with the software. Because 
the current truck lane distribution was not known, a total of eight logical truck lane distributions 
were considered in the study. The MEPDG software was used to simulate “without restriction” 
and “with restriction at 80 and 90 percent compliance” scenarios for all the truck lane 
distributions at the calculated annual average daily truck traffic (AADTT) on the study section. 
Finally, a sensitivity analysis was conducted to predict sensitivity of truck lane restrictions to 
increased truck traffic and compliance values. Results of this study were then used to determine 
how much earlier the pavement would fail due to introduction of TLRS. Pavement deformation 
in the asphalt concrete (AC) layer was the only pavement distress which was found to cause the 
pavement to fail during the expected life of the pavement, and the pavement failed earlier “with 
TLRS” than “without TLRS” for all truck lane distributions considered. However, a statistical z 
test showed no significant difference at the 95 percent significance level between the two values. 
The decrease in pavement age was not found to be sensitive to the AADTT values considered. 
The truck lane distribution that produced the greatest reduction in pavement life was the  
75-15-10 truck lane distribution, where pavement failure was estimated to occur 9 -10 months 
earlier “with TLRS‟ than “without TLRS” for AADTT values (6206 -8000 trucks per day).  
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1.  INTRODUCTION 
1.1 Background  
 
The growth of the United States of America‟s economy is dependent on efficiency of the 
transportation sector of which the trucking industry plays a vital role. Between 1998 and 2020, 
Federal Highway Administration estimates an 87 percent increase in truck tonnage (FHWA, 
2008) in Louisiana which means more interaction between trucks and other vehicles, resulting in 
operational and safety impacts. One potential means of reducing interaction between trucks and 
cars is to restrict trucks from using certain lanes on multilane highways (FHWA, 1986) using a 
set of lane restrictions commonly referred to as Truck Lane Restriction Strategies (TLRS).  
 
The basic idea behind TLRS is to prohibit trucks of certain configurations from using a particular 
lane or lanes, for a period of time which may vary from certain hours during the day to 
continuously. The most common TLRS practiced is to prohibit trucks from using the left-most 
lane, or the two left-most lanes, depending on the number of lanes in each direction (see Figure 
1). Many of the states in United States such as Texas, South Florida, and Tennessee have some 
form of left lane truck restrictions currently in effect. The reason for implementing the 
restrictions varies, but generally, left lane restrictions are believed to bring safety and operational 
benefits. If implemented, increased truck traffic loading on unrestricted lanes could result in 
increased pavement damage on those lanes.  The feasibility of a lane prohibition of trucks on 
Louisiana multi lane highways was conducted in this study. The extent of pavement damage due 
to TLRS and its effect on the pavement life was estimated using MEPDG in this study.  
 
 
Figure 1  
Left lane truck restriction on a three lane highway 
(Harwood et al., 2003) 
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1.2 Problem Statement 
 
 The FHWA estimates truck tonnage in Louisiana to increase by 87 percent between 1998 and 
2020 (Figure 2) (FHWA, 2008). The increase in truck traffic warrants the need to explore the 
possibility of implementing a TLRS in Louisiana and also to investigate the pavement damage 
effect it would have on highway pavements in Louisiana. 
 
                               
a) 1998 
 
                               
b) 2020 
Figure 2 
Estimated average annual daily truck traffic in Louisiana 
( FHWA, 2008) 
 
This expected increase in truck traffic on Louisiana highways has fueled interest in 
implementing TLRS. As a result, a detailed literature study (M.Radhakrishnan and C.G.Wilmot, 
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2009) was conducted to explore the feasibility of implementing such a restriction on trucks in the 
state by studying the various TLRS implemented in various states in the USA. The study found 
that generally TLRS were applied to facilities with three or more lanes per direction satisfying 
certain criteria, where trucks were restricted from one or two left-most lanes of the facility. 
Consequently, a left lane restriction on a six-lane rural section of Interstate-10 near Lake Charles 
was recommended as a possible implementation site. However, this would result in increased 
truck traffic on the other lanes (predominantly right most lane) and thereby cause possible 
accelerated pavement damage in these lanes. This study seeks to estimate the pavement damage 
and the reduction in pavement life caused on the right most lane (outside lane) of a six-lane 
highway in Louisiana as a result of TLRS.  
 
1.3 Study Objectives 
 
This study addresses the increased pavement damage which could be caused on Louisiana multi-
lane highways in case of a left-lane truck restriction. Further, the study aimed at estimating the 
reduction in pavement life resulting from TLRS and evaluating the sensitivity of pavement 
damage to Annual Average Daily Truck Traffic (AADTT), truck lane distribution and 
compliance rate (the percentage of trucks complying with lane restriction) values. More 
specifically, the objectives of the study are: 
 
 Review the current truck lane restriction practices followed in the United States of 
America and identify the best TLRS and the criteria determining its performance. 
 Recommend potential locations for implementation of the identified TLRS in Louisiana. 
 Develop the MEPDG model inputs required for assessing the pavement damage in 
Louisiana highways using Weigh-In-Motion (WIM) data and vehicle classification data 
collected along the stations near the test sections. 
 Calculate the pavement damage for with and without restriction conditions for a test 
section using combinations of truck lane distribution and compliance values and test the 
sensitivity of TLRS to various AADTT values. 
 Compute the reduction in pavement life attributed to TLRS. 
 Conduct a statistical test to analyze whether a significant difference in pavement distress 
exists between with and without TLRS. 
 
1.4 About Mechanistic-Empirical Pavement Damage Guide Software  
 
The American Association of State Highway and Transportation Officials (AASHTO) developed 
the Mechanistic-Empirical Pavement Damage Guide (MEPDG) (version 1.00) software as part 
of the National Cooperative Highway Research Program Project 1-37 A (NCHRP). This 
software is a state-of-the art tool which uses mechanistic-empirical principles to estimate 
pavement damage accumulated over the design life of a new or rehabilitated pavement by 
calculating different types of pavement distress like faulting, cracking and pavement roughness 
expected on the pavement based on loading and climatic conditions (MEPDG Guide, 2004). 
MEPDG can be used on new or rehabilitated pavements and the study section was found to have 
undergone a rehabilitation work in 2007 so use of MEPDG was justified. Another advantage of 
using MEPDG was the facility to specify the truck percentages on the design lane which was 
required in this study to determine how change in truck percentages would affect pavement 
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damage. Moreover, MEPDG software had been used in a number of other studies to determine 
pavement damage (Kesiraju and Bahia, 2007; Ahn et al., 2008). The use of pavement material 
properties, climatic and seasonal variations in addition to the traffic loading conditions while 
calculating pavement distress is a major advantage of this software. Two assumptions regarding 
traffic inputs as mentioned in MEPDG are as follows. 
 
1) The normalized axle load distributions for each truck class by axle type remain constant from 
year to year unless there are political and/or economical changes that have an effect on the 
maximum axle or gross truck loads. Normalized truck traffic volume, however, can change from 
year to year. 
2)  The normalized axle load distribution by axle type and truck class and normalized truck 
volume distribution do not change throughout the time of day and over the week within a 
specific season. 
 
Three levels of inputs (MEPDG guide) permitted in MEPDG are;  
Level 1 input has highest level of accuracy and is obtained by laboratory or field testing, site 
specific axle load spectra or non destructive deflection testing. It requires lots of resources and 
time to obtain the inputs  
Level 2 has intermediate level of accuracy and can be collected from an agency database, 
estimated using correlations, or can be obtained from limited testing programs. Examples would 
be estimating asphalt concrete dynamic modulus from binder, aggregate, and mix properties, 
estimating Portland cement concrete elastic moduli from compressive strength tests, or using 
site-specific traffic volume and traffic classification data in conjunction with agency-specific 
axle load spectra.  
Level 3 has lowest level of accuracy and does not involve a lot of data collection. Inputs can be 
either user selected or regional averages. Example would be using default values for Portland 
cement concrete modulus.  
 
MEPDG has the advantage of being able to use a mix of different levels of inputs for a 
simulation i.e., using level 1 vehicle classification data and level 3 axle load distribution factors 
and so forth. Another convenient feature of MEPDG software is the sensitivity of the output to 
the input variables which facilitates doing a sensitivity analysis by varying the input data. The 
design inputs, design reliability and desired performance criteria are specified in the software 
which then evaluates the design inputs using deterministic and probabilistic (reliability based) 
analysis and reports predicted distress and predicted reliability as outputs. In deterministic 
analysis, predicted pavement distress are calculated based on the mean of all inputs and has 50 
percent reliability. The standard deviation for any distress is a function of the mean predicted 
distress. Using the mean and standard deviation, a predicted reliability value is calculated in 
probabilistic analysis which can then be used to judge whether the pavement is performing well 
or not. When the calculated predicted reliability after the simulation is less than the design 
reliability, the design is expected to fail and hence, needs to be modified. An example of input 
file for MEPDG is provided in Appendix A. 
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1.5 Truck Classes Considered for the Study 
 
Trucks are basically vehicles with more than three axles. This study concentrates on the effect of 
trucks on pavement so any vehicle class involving three or more axles were included in this 
study. Table 1 shows the FHWA vehicle classification. Class 6 through class 13 vehicles were 
considered as trucks for this study. 
 
Table 1  
FHWA vehicle classification scheme 
Source: www.sarasota-manateempo.org 
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1.6 Different Types of Pavement Damage Expected on Louisiana Highways 
 
The rehabilitation employed in the study section in Lake Charles, LA was an Asphaltic Concrete 
(AC) overlay over rubblized Jointed Plain Concrete Pavement (JPCP). Some of the pavement 
distress included in the MEPDG model for the study is explained below. MEPDG uses different 
models to predict various distress/International Roughness Index (IRI) and the models were 
calibrated using Long Term Pavement Performance (LTPP) data and other field performance 
data. LTPP database includes data from experiments which monitor more than 2400 asphalt and 
portland cement concrete test sections across United States and Canada. The distress/IRI was 
assumed to be normally distributed. The standard deviations of the mean distress were given in 
the software. The mean predictions (at reliability 50 percent) of distress/IRI and their predicted 
reliability were given in the excel output file (See Appendix B).   
1.6.1 Terminal smoothness/IRI (International Roughness Index) 
 
This is a worldwide standard used to measure pavement smoothness. IRI is denoted in inches per 
mile and measures the ride quality of the pavement. The smaller the IRI value, the smoother will 
be the ride on the pavement and vice versa. Pavement distress like cracking and rutting also 
affect ride quality adversely and contribute to high IRI values. Laser mounted vans travels along 
pavement surfaces and records the surface profile of the pavement (expressed in inches) and 
convert deviations from a smooth profile into an index by dividing the cumulative deviations by 
the distance travelled by the vehicle (in miles). The performance criterion for smoothness defined 
in MEPDG is the acceptable IRI at the end of design life. While modeling, terminal IRI values are 
chosen by the designer and it should not exceed the design level of reliability. Typical terminal IRI 
values range from 150 to 250 in/mile, depending on the functional class of the roadway and design 
reliability (NCHRP, 2004). 
1.6.2 Rutting 
 
Rutting is the depression on the wheel path on a pavement. Some reasons for rutting  are 
insufficient compaction of HMA (Hot Mix Asphalt) layers, improper mix design, uplifting of the 
pavement surface along the sides of the rut or by permanent deformation in unbound aggregate 
or asphalt pavement layers. The total deformation on a surface is the accumulation of 
deformations in all the layers in the pavement. The performance criterion for total permanent 
deformation is defined in terms of the maximum rut depth in wheel path. Typical maximum rut 
depths for total permanent deformation are in the order of 0.3 to 0.5 inches (NCHRP, 2004) 
1.6.3 Longitudinal cracking (top-down cracking) 
 
Cracks occurring parallel to the path of travel are known as longitudinal cracks. It can occur due 
to reflective cracking from underlying layers, a low stiffness upper layer resulting from high 
temperatures, or high surface tensile stresses due to truck tires (WSDOT, Pavement Evaluation-
Module 9). Such cracks can also be an indicator of future alligator cracking.  The performance 
criterion for top-down cracking is defined as the maximum allowable length of longitudinal cracking 
per mile of pavement that is permitted to occur over the design period. Typical values of allowable 
top-down cracking are in the order of 1000 feet per mile of pavement (NCHRP, 2004). 
  
7 
 
1.6.4 Alligator cracking (bottom-up cracking) 
 
This type of cracking usually begins at the lowest HMA overlay layer (where the tensile stresses 
are high) and propagates upward. It is identified by series of interconnected cracks resembling 
the back of an alligator caused due to fatigue failure of the HMA layer. Under repeated loadings, 
occurrence of longitudinal cracks might be a precursor for alligator cracks. Poor construction, 
heavy loading conditions might lead to such cracks (WSDOT, Pavement Evaluation-Module 9). 
The performance criterion for bottom-up fatigue cracking is defined as the maximum area of alligator 
cracking expressed as a percentage of the total lane area that is permitted to occur over the design 
period. Typical values of allowable bottom-up fatigue cracking are in the order of 25 to 50 percent of 
the total lane area (NCHRP, 2004). 
1.6.5 Thermal cracking (transverse cracking) 
 
Regularly spaced transverse cracks perpendicular to pavement centerline are called thermal 
cracks. They occur due to thermal shrinkage of HMA surface or due to reflective cracking from 
PCC surfaces beneath. Water infiltration through the cracks can lead to complete structural 
failure of the pavement. The performance criterion for thermal cracking is defined as the maximum 
length of transverse cracking per mile of pavement that is permitted to occur over the design period. 
Typical values of allowable thermal cracking are in the order of 1000 feet per mile of pavement 
(NCHRP, 2004). 
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2. LITERATURE REVIEW 
 
This chapter details with past studies regarding TLRS done in the United States. This review was 
conducted to evaluate the feasibility of implementing a lane restriction strategy in Louisiana 
multi-lane highways. Many states throughout the United States have done extensive studies to 
determine the most beneficial TLRS. The summary of those studies and the findings from this 
review are explained below. The findings of the literature review were then used to choose the 
most beneficial type of lane restriction, the criteria for its performance and to identify potential 
locations for implementation of that restriction in Louisiana. 
 
2.1 Overview of Truck Lane Restriction Strategies 
 
A national survey conducted in 1986 by the FHWA to evaluate the benefits of truck lane 
restrictions found that twenty six states had implemented TLRS at one or more locations in their 
area (FHWA, 1986). Fourteen states implemented lane restrictions to improve highway 
operations; eight states implemented them to reduce crashes; seven states used TLRS to address 
pavement wear and tear; and five states used TLRS for better safety in work zones (FHWA, 
1986). A thorough review of all the literature studies dealing with any kind of TLRS was done to 
understand both the positive and negative aspects of TLRS.  
2.1.1 Impact of TLRS on throughput 
 
Prohibiting trucks from using certain lanes on multilane highways would give opportunity for 
other vehicles to occupy and attain higher travel speeds on these restricted lanes without any 
interference from heavy vehicles. This could possibly increase throughput (i.e. traffic flow).  
 
Gan and Jo (2003) developed operational performance models to study truck lane restriction 
policies for freeways.  Models representing maximum service flow rate and minimum speed 
values as close to Highway Capacity Manual (Highway capacity Manual, 2000) values as 
possible were developed using VISSIM simulation package. The models were then used to 
assess the impact of prohibiting trucks from using the left most lanes on freeway sections with 
three, four, or five lanes in one direction. The inputs to the model were different combinations of 
number of lanes, lane restrictions, free flow speed, traffic volume, truck percentage, interchange 
density, and ramp volume as given in Table 2. The study found that TLRS increased throughput 
only when the number of lanes restricted were limited and truck percentages were less than 25 
percent.  Restricting trucks from using the two left-most lanes on four-lane or five-lane highways 
and from one left-most lane in three-lane highways was recommended.  
 
Yang and Regan (2007) also studied the impact of left lane truck prohibition on urban freeways 
using simulation models. The simulation was conducted on a hypothetical five mile section 
having one on ramp and one off ramp and four through lanes in one direction  in Case A and five 
through lanes in one direction in Case B (see Figure 3). Three scenarios were considered: (1) the 
current condition – with no truck lane restrictions, (2) alternative 1 with the left-most lane 
restricted, and (3) alternative 2 with the two left-most lanes restricted. Truck percentages 
between 5 percent and 20 percent were considered. Pair-wise comparison results indicated a  
flow rate greater than 1300 vehicles per hour per lane (vphpl) with at least 10 percent truck 
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traffic would reap the most benefits due to a truck lane prohibition. This simulation study used 
variable flow rates but a fixed ramp volume of 500 vehicles per hour. 
 
Table 2 
Input values for Gan and Jo study 
Independent Variable                                                                                         Input values
Prohibiting trucks from using certain lanes 
3 alternatives (no prohibition, one left- 
most lane prohibited, and two left-most 
lane prohibited to trucks) for facilities 
with 3 lanes in one direction, and 4 
alternatives (no prohibition, one left- 
most lane, two left-most lanes, and three 
left-most lanes prohibited to trucks) for 
facilities with 4 lanes in one direction, 
and 5 alternatives (no prohibition, one 
left-most lane, two left-most lanes, three 
left-most lanes, and four left-most lanes 
prohibited to trucks for facilities with 5 
lanes in one direction. 
Number of lanes per direction 3, 4, 5 
Free-flow speed (miles per hour) 55, 65, 75 
Traffic flow per lane (vehicles per hour per lane) 100, 600, 1200, 1800, 2000, 2200, 2400 
Truck percentage 0%, 5%, 15%, 25% 
Interchange density (number/mile) 0, 0.5, 1.0, 2.0 
Ramp Volume (vehicle per hour) 0, 100, 500, 1000, 1500 
 
 
 
 
 
                                         
                                                          
                               
 
 
 
 
 
 
 
 
 
 
Figure 3 
Hypothetical truck lane restriction strategies 
Case A 
Current 
conditi
on 
Alternative 1 Alternative 2 
Case B 
Current 
n 
Alternative 2 Alternative 1 
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2.1.2 Impact of TLRS on speed 
 
Prohibiting trucks from using one or more lanes on a multilane highway would allow passenger 
cars to travel on these restricted lanes without any interference from heavy vehicles and thereby 
increase their average speed. Gan and Jo (2003) found that TLRS increased average speed under 
low truck percentages, i.e., less than 25 percent, low interchange density, and low ramp volumes 
except in the case of numerous restricted lanes. 
 
In their simulation study, Yang and Regan (2007) showed a significant difference in average 
speed for all scenarios for both Case A and B shown in Figure 3.  An increase in average speed 
was estimated for both alternative 1 and 2 with alternative 2 having a greater increase. The link 
speeds measured for alternative 2 (two left-most lanes restricted) showed a 19 percent increase 
from the existing condition and a 11 percent increase from that in alternative 1 (one left-most 
lane restricted). 
 
Moses (2007) conducted a simulation study using calibrated VISSIM model in which trucks 
were prohibited from using the left lane on an 83-mile stretch of Interstate 95 in South Florida 
with three lanes in each direction. The I-95 corridor had both High Occupancy Vehicle (HOV) 
lanes and truck lane restrictions implemented either independently or in combination with HOV 
lanes and hence helped to study the effect of each in detail. The corridor also had closely spaced 
interchanges, a high percentage of trucks travelling through the corridor, and was heavily 
congested.  Sections with an HOV lane, those with an HOV lane and adjacent truck lane 
restrictions, and those with left lane only truck lane restrictions were the three lane 
configurations analyzed on the I-95. Three types of truck restrictions (trucks prohibited from 
using the left lane, trucks prohibited from using the middle lane, and trucks prohibited from 
using the right lane) were modeled with hypothetical restrictions on the middle lane and right 
lane, while the left lane restriction operation was observed in segments 2 and 3 on the I-95 as 
shown in Table 3. 
 
Speeds during peak hours for the three segments for left lane restrictions were compared and it 
was found to decrease from the leftmost lane to the rightmost lane for both north and southbound 
traffic. Speeds also decreased with an increase in truck percentages. For off peak hours, there 
was not much difference in speeds regardless of the restrictions. For the center lane restriction 
during peak hours, segment 1 and 2 showed a significant decrease in speeds in both directions 
with HOV having the highest speed followed by the center lane and then the outside lane. In 
segment 3, the center lane had the highest speed, then the left lane, and finally the right lane. For 
right lane restrictions, no significant change in speeds occurred. Also, during peak hours, the 
speeds of vehicles for right lane restriction were considerably slower relative to the others due to 
difficulty for trucks in finding sufficient gaps to change lanes. It was found that the center lane 
and right lane restrictions caused spill back onto arterial roadways at interchanges due to the 
formation of excessive queues as entering trucks waited for long periods to get a gap to move 
from the restricted lane. Queues developed at the upstream of interchanges during peak hours 
due to these restrictions disrupted freeway traffic flow. Exit ramps did not generate these 
conditions; they were limited to entrance ramps. 
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Table 3 
Study corridor characteristics in Moses study 
       Segment 1 
 
         Segment 2 
 
         Segment 3 
Location MP 5.48 – MP 17 MP 17- MP 61 MP 61- MP 88.75 
Length (miles) 11.52 44.00 27.75 
Ave. no. of through lanes 4 5 3 
Ave. no. of ramp lanes 1 1 1 
Speed Limit 55 65 70 
Interchanges per mile 0.83 0.66 0.52 
 Average AADT 283,300 221,740 120,500 
 Ave. truck percentage 4.2 6.36 9.08 
*MP –Mile Post 
 
Mannering et al. (1993) evaluated the impact of left lane truck restriction on safety, operation, 
and pavement performance of highways in the Puget Sound region. Four sites were considered as 
shown in Table 4 below. The study consisted of an in-depth analysis about the effect of lane 
restrictions on Site A followed by a site comparison study between all the four sites to evaluate 
whether the study results at Site A were applicable at other sites.  
 
Table 4 
Characteristics of study sites in Mannering et al. study 
 Site A 
I-5 SB@ 
South Center 
Hill 
Site B 
SR 520 WB 
Redmond to 
Bellevue 
Site C 
I-5 SB Puyallup 
River Bridge to 
Tacoma Mall 
Site D 
I-5 SB @ 185
th
 
Street (Control 
site) 
Grade + 4.0% + 5.1% + 3.0% Negligible 
Number of lanes 4 + HOV lane 3 4 3 + HOV lane 
Lane width (ft.) 12 12 12 12 
Restriction length (mi) 3 1 1.4 None 
Number of exits 2 1 1 1 
Number of entrances 1 0 1 0 
Posted speed 55 mph 55 mph 55 mph 55 mph 
Number of signs 4 3 2 None 
 
Speed, traffic counts, vehicle types by lane, and accident data for Sites A-D were collected. 
Before and after restriction data were collected only for Site A. For all the other sites, only after 
Truck Restricted 
Lane 
HOV 
Lane 
 
 Tr 
Truck Restricted 
Lane 
 
 
 Tr 
HOV 
Lane 
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restriction data was obtained. Lanes were numbered from the right lane toward the left lane in all 
the sites, i.e., the inside lane was numbered 4 and the outside lane 1. Manual traffic counts, 
together with videotaped data, were used at other sites to calculate length of segment under 
study, speed differential among lanes, average speed by vehicle type, time gaps between vehicle 
types, platoon length, and truck impedance time. Accident data were also collected. The Puget 
Sound area is mountainous and conditions there in 1993 were different to current conditions in 
Louisiana. However, the study illustrated how site features influenced the impact of TLRS, 
which was of general interest. A statistically significant increase in average speed was obtained 
for both trucks and non-trucks after a lane restriction at Site A. Site comparison study revealed 
inconsistency in the average speed of trucks and non-trucks depending on the site characteristics, 
degree and length of grade, and location of exits/entrances. For instance, truck speeds on lane 4 
(inside lane) were higher at the Tacoma site which had a lower grade and fewer exits than the 
South Center Hill site which indicated that the effect of lane restriction strategies varied 
depending on the characteristics of the site. 
 
Liu and Garber (2007) studied the effect of truck lane restrictions on lane changes, average 
speed, speed distribution, volume distribution, and conflicts using PARAMICS, another popular 
software package. A hypothetical five mile freeway section was coded and no restriction, one 
lane restriction, two lane restriction and so forth were simulated on three, four and five lane(in 
one direction) freeway sections. Study results indicated a decrease in average speed on restricted 
lanes with grade, although, the decrease was less pronounced on restricted lanes than unrestricted 
lanes. Increase in both volumes and truck percentage lead to a decrease in average speed on both 
lanes but the effect was less on unrestricted lanes. Increase in interchange density also seemed to 
decrease average speed.  It was observed that when demand volumes and truck percentages were 
low, the average speed on restricted lanes and unrestricted lanes decreased with an increase in 
the number of restricted lanes. However, when demand volume was more than 1000 vehicles per 
hour per lane (vphpl) and truck percentages were more than 25 percent, the average speed on 
restricted lanes increased with the number of restricted lanes, while that on unrestricted lanes 
decreased. 
 
A North Central Texas Council of Governments (NCTCOG) study (Sims and Royester, 2006) 
investigated left lane restriction on two existing facilities, I-20 (from I-45 to Cedar Ridge Road) 
and I-30 (from Collins Street in Arlington to Hulen Street in Fort Worth) in four phases. in four 
phases. The phases considered were: 
 Base conditions – standard enforcement without restrictions, August – September 2005 
 Increased Enforcement – included increased police patrols and commercial truck 
inspection units, October 2005 
 Truck restrictions with increased enforcement – included left lane restriction signs in the 
corridors in addition to the increased police patrol and inspection units and media 
coverage about the restrictions, November and December 2005 
 Truck restrictions with standard enforcement, January 2006 
 
To study the change in average speeds, speed data collected in both locations was averaged for 
the period 6:00 a.m. to 8:00 p.m. each day. Average speed data for both corridors were 
aggregated to further study the impact on average speed. The composite speed differential is 
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shown in Table 5. The results clearly indicated an increase in average speed on the restricted left 
lane (i.e., the lane trucks were prohibited from using). 
 
Table 5   
Composite speed differential due to truck lane restrictions (Sims and Royester, 2006)  
Lane Overall increase in speeds from 
Phase 1 to Phase 4 (mph) 
Overall variation from the middle lane 
speed in Phase 4 
Left + 0.9 +6.125  mph faster than the middle lane(s) 
Middle + 0.6 N/A 
Right + 0.5 -5.00 mph slower than the middle lane(s) 
2.1.3 Impact of TLRS on travel time 
 
Given the general increase in speed experienced by passenger cars when TLRS was instituted, 
passenger cars were expected to experience decreased travel time. However, the converse could 
be true for trucks as they are restricted to certain lanes. Considering that shipper and carrier 
transit time is estimated to cost between $25 and $200 per hour depending on the product being 
transported (FHWA, 2006), and that this cost could increase by 50-250 percent in the case of 
unexpected delays (Jones et. al, 2006), truck travel time was an important issue.  
 
A study conducted by Moses (2007) estimated the travel time for different vehicles on three 
segments with different restrictions. He found that during peak hour traffic conditions, HOV 
lanes and car lanes experienced better travel times than the lanes to which trucks were restricted 
to. During off peak hours (9:00 a.m. to 4:00 p.m. and 8:00 p.m. to 9:00 p.m.) prohibition of 
trucks from the left lane showed no particular difference in travel time between HOV vehicles, 
general cars, and trucks. When a similar lane restriction was applied on the center lane during 
peak hours, travel times increased for all vehicle types. Simulation of right lane restrictions 
during peak hours also showed an increase in travel time for all vehicle types.  
 
Converse results were found by Mussa and Price (2004) in a study done to evaluate the benefits 
of TLRS on the inside lane (i.e., the left-most lane) of a 54-mile corridor of I-75 freeway with 
ten interchanges in North Florida from milepost 374 to 428. Level of service “B” traffic was 
observed during the observation period. Different scenarios were evaluated based on vehicle type 
distribution, traffic volume, time of day and other factors. Simulation conducted on the selected 
section of the I-75 corridor using a calibrated CORSIM (CORridor SIMulation) model indicated 
that regardless of time of day, no significant difference in travel time and travel delay occurred 
between restricted and unrestricted conditions.  
 
Yang and Regan (2007) studied the impact of truck lane restrictions on truck travel time and 
travel time variance. Travel time variance was considered important because of its impact on the 
reliability of travel time estimates for the trucking industry. The results showed an increase in 
truck travel time but a lower travel time variance when the two left-most lanes on a 4 and 5-lane 
facility in one direction were restricted from use by trucks (see alternative 2 in Figure 3).  
 
A study by Cate and Urbanik (2004) investigated the impact of left lane truck lane restrictions on 
a freeway section with three or more lanes in one direction in Knoxville, Tennessee using 
VISSIM. Two simulations each involving thirteen scenarios were conducted for different 
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volumes, truck percentages, entering/exiting ramp volumes, etc. The first simulation was run 
without restrictions and the second simulation considered a far left lane restriction only. Speed 
range values of 55-85 mph were considered for passenger cars and 60-80 mph for large trucks. 
The scenarios were run with and without ramps. For without ramp scenario, a continuous stretch 
of five-mile roadway with three lanes in one direction was considered. For the case with ramps, 
an entry ramp was constructed at the two mile mark which joined to the roadway using a 0.25-
mile long acceleration lane and an exit ramp was constructed at the three mile mark. No weaving 
sections were considered. To quantify the effect of lane restriction, a before and after study using 
performance measures, such as vehicle density, travel time for vehicle types and routes, and the 
number of lane changes and speed differential between cars and trucks, was conducted. The 
values of some variables were adjusted to simulate real world traffic conditions as closely as 
possible. Travel times estimated for the given scenarios showed that with an increase in grade, a 
left lane truck prohibition resulted in travel time saving for passenger cars and slightly increased 
travel time for trucks. The travel time savings for passenger cars at level grades was minimal.  
2.1.4 Impact on lane changes  
 
Intuitively, truck lane restrictions were associated with increased lane changes as passenger 
vehicles change lanes to avoid trucks in the restricted lane. However, in the simulation study 
done by Mussa and Price on a 54-mile corridor on the three-lane northbound section of I-75 in 
Florida, a left lane restriction resulted in reduced lane changes.  
 
A similar study by Moses (2007) on an 83-mile corridor on the I-95 in Florida showed that the 
number of lane changes increased with an increase in truck percentage, interchange density, and 
traffic volume. Right lane restrictions caused increased conflicts at interchanges. The most 
beneficial conditions in terms of lane changes were found to be left lane truck lane restrictions on 
freeways with three or more lanes in one direction which carried less than 25 percent truck traffic 
and had interchange spacing of at least 1.5 miles. 
 
Gan and Jo (2003) calculated lane changes per vehicle by averaging total lane changes by total 
volume. They found that lane changes per vehicle decreased significantly with the imposition of 
left lane truck restriction. Greater the number of restricted lanes, fewer was the number of lane 
changes per vehicle. The lane changes were found to be statistically significantly lower in a 
restricted situation than in an unrestricted situation. Ramp volume and interchange density did 
not affect lane changes in the restricted case. Moreover, it was found that when the flow rate was 
high, less lane changes occurred.  
 
Hoel and Peek (1999) conducted a simulation study involving both right lane and left lane 
restrictions in Virginia. The variables considered in the simulation were uphill grades (0%, 2%, 
and 4%), volume distribution for left, center and right lanes respectively (33%-33%-34%, 30%-
35%-35%, 25%-50%-25%, and 25%-38%-27%), traffic volumes (1000-3000 vph), percentage of 
trucks (10-40%) and lane restrictions (yes/no). A total of twenty four scenarios using 
combinations of various grades, restrictions, and volume distributions were developed. For 
scenarios with similar characteristics in grades, distribution, and percentage of trucks but 
different restriction criteria, statistical tests were done to find the effect of these variables on 
density, lane changes, and speed differential. A leftmost lane restriction scenario analysis was 
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conducted on a hypothetical three-mile section with three through lanes in each direction using 
FRESIM.  
 
Lane changes were found to significantly increase with left lane restrictions with the highest 
value at zero percent grades. Lane changes decreased with an increase in grade. The scenarios 
were applied for different volumes and truck percentages on the following three sites: (1) 10.15 
km study site in Buchanan (no ramps), (2) 11.12 km site in Christiansburg, and (3) 10.2 km site 
in Wytheville. Truck percent at these sites varied from 20–40 percent. Traffic data was collected 
at the sites using loop detectors. Effect of restriction in the future was evaluated using traffic 
volume of traffic in each of these sites for the current year, year 2010, and 2020. FRESIM 
simulation of one hour of operation was conducted at each of these sites using these volumes. 
The difference in simulated lane changes at three sites were compared for no restrictions, left 
lane and right lane restrictions. Worst case volume distribution scenarios were applied. 
Simulation results showed increased lane changes in Buchanan and Christiansburg with a right 
lane restriction. In Wytheville site with entry/exit ramps, lane changes increased with left lane 
restriction. So site characteristics were found to be important while considering truck lane 
restrictions. Left lane restrictions on steep grades decreased density and lane changes so it was 
recommended for grades of 4 percent or higher. 
 
Liu and Garber (2007) studied the effect of truck lane restrictions on lane changes using 
PARAMICS software. A hypothetical five-mile freeway section was coded, and a left lane 
restriction was considered for the study. Two vehicle types considered were passenger cars and 
trucks. It was found that lane changes increased until truck percentages were below 25 percent 
after which lane changes decreased.  
 
Yang and Regan (2007) found similar results for lane changing behavior in their study. 
Frequency of lane changes measured for Case A and Case B (see Figure 3) were found to be 
dependent on geometric conditions. It was observed that all traffic flow components seemed to 
change when volume reached 1300 vphpl and truck percentages were 10 percent. However, the 
results did not show any significant change in frequency of lane changes between the alternative 
conditions and existing conditions. 
2.1.5 Impact of TLRS on speed differential  
 
This section deals with the speed differential between passenger cars and trucks resulting from 
the implementation of a truck lane restriction. A number of studies had been carried out on the 
safety impact of speed differentials (Garber and Gadiraju, 1988; TRB 1998; Garber et al., 2003; 
Garber and Gadiraju, 1992), and it was generally accepted that a speed differential had an 
adverse effect on safety (Garber and Gadiraju, 1992).  
 
Garber and Gadiraju (1991) studied sites in California, Michigan, Maryland, Virginia, and West 
Virginia where some sites had a uniform speed limit of 55 or 65 mph and others had a 
differential speed limit of 65 mph for passenger cars and 55 mph for trucks. Data were collected 
for the sites three years before and one year after the speed limit implementation. The results 
showed that truck lane restrictions could lead to a speed differential among vehicles. 
Mussa and Price (2004) analyzed the speed of vehicles in the middle and outside lanes on a  
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54-mile section of the I-75 with left lane restrictions and found that on an average the speed 
differential between cars and trucks were 2.7 mph in the middle and 2.6 mph in the outside lanes, 
respectively. Analysis of the middle and outside lanes showed a difference of 1.1 mph for cars 
between lanes. Similar results were found for the southbound direction as well. The speed 
differential between cars and trucks in the middle and outside lanes, though not significant, was 
2.3 mph and 3.0 mph, respectively. The passenger cars on the inside lane traveled 5.3 mph faster 
than those in the middle lane though it was not statistically significant. Overall, in this corridor, 
both trucks and cars were found to travel above the posted speed limit, and it was claimed that 
lane restrictions did not negatively impact the speeds of trucks in the I-75 corridor.  
 
The VISSIM simulation model developed by Gan and Jo (2003) similarly estimated the speed 
differential for each lane and found that the speed differential remained constant while traffic 
conditions remained unsaturated. Under saturated conditions, a higher speed differential was 
predicted between the restricted and unrestricted lanes. The speed differential increased with an 
increase in interchange density, ramp volume, truck percentage, and number of restricted lanes. 
It was found that in all cases the restricted group had statistically significantly higher average 
speed than the unrestricted group.  
 
FRESIM simulation study done by Hoel and Peek (1999) measured the speed differential for 
different scenarios at sites where truck percentages were between 20 and 40 percent and found 
that with left lane restrictions speed differential increased significantly with a 4 percent grade.  
Cate and Urbanik (2004) used a VISSIM model to estimate the speed differential on a five-mile 
section before and after the implementation of a truck lane restriction strategy. Speed differential 
values were found to be greater on uphill grades than on level grades. This difference in speed on 
uphill grades with the same traffic volume was less with low truck percentages than with high 
truck percentages.  
2.1.6 Impact of TLRS on crashes 
 
A study conducted in Florida using before and after data between 2002 and 2006 showed that 
truck lane restrictions appeared to reduce the overall number of crashes by approximately four 
percent (Kobelo et al., 2008).  
 
A similar study conducted by Fontaine and Torrence (2007) studied the impact of a left lane 
TLRS on six-lane freeways. The study involved comparison of crash data from 1998 through 
2005 on six-lane freeways in Virginia with left lane restrictions to similar sites without lane 
restriction. Crash data between 1 to 5 years was used for the before period and 3 to 7 years of 
data for the after period, depending on the site. The results showed a 30.4 percent decrease in 
total crash rate and a 34.8 percent decrease in fatal and injury crashes. A difference in behavior 
was discovered between high-volume and low-volume sites, where low volume sites were 
considered as those sites with less than 10,000 vehicles per day per lane. The total number of 
crashes reduced by 10 percent on low-volume, three lanes in one direction sections. For low-
volume sites, lane restrictions brought a greater safety impact than the high-volume sites. For 
high-volume sites, trucks which moved to the middle and right lane of the highway due to 
restrictions caused greater potential conflict among vehicles. Also the barrier effect of trucks in 
the right lane was more pronounced among high-volume sites.  
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Mannering et al. (1993) investigated the type of accidents happening in Site A (see Table 4) 
before the implementation of any lane restriction. He concluded that restriction of trucks to the 
right lane caused more truck-involved accidents. Crashes due to lane changes toward the left 
were found to be more severe. The violation rate for the restriction was high, and it was found 
that due to the presence of a HOV lane at the site, strict enforcement was difficult. Crash 
distributions before implementation of the restriction for Sites A and C were compared. From 
right towards left lanes, the number of accidents decreased. 
 
Sims and Royester (2006) studied the crash rate on the I-20 and I- 30 in North Central Texas on 
sections with and without left lane restrictions on six and eight-lane freeways. Difference 
between accident data collected for both corridors at phase 1 (before installation of the left lane 
restriction) and phase 4 (after implementation of left lane restriction), both with a standard level 
of enforcement employed showed a 64 percent reduction in crashes at the I-20 site (an eight-lane 
facility) and an 11 percent reduction at the I-30 site (a six-lane facility). 
 
Crash rates during an enhanced level of enforcement were also studied. In the study, phase 2 
provided conditions prior to introduction of the left lane restriction, while phase 3 provided 
conditions after. It was found that the enforcement level made little difference to the crash rate 
and compliance rate at these sites. 
 
The Highway and Traffic Safety Division of Virginia Department of Highways and 
Transportation (VDOT) did a before and after study to ascertain the operational benefit of truck 
prohibition  from the left lane  on the I-95 section (four lanes in each direction) of Capital 
Beltway between I- 395 and the Woodrow Wilson bridge (VDOT, 1985). The comparison of 
accident data 2 years before and 2 years after the imposition of truck lane restrictions showed a 
20 percent reduction in the rate of injury accidents. However, a follow–up study was conducted 
in 1987 by VDOT, and they found the crash rate had increased by 13.8 percent after the 
introduction of the TLRS although no change in fatal/injury crashes (VDOT, 1987) could be 
found.   
 
A study involving restricting trucks with three or more axles from using the left lane from 7:00 
A.M. to 7:00 P.M. on I -95 in Broward County, Florida, was initiated by the FDOT on May 3, 
1982 (FDOT, 1982; Vargas, 1992). A twenty-five mile stretch of highway (three lanes in each 
direction) that prohibited trucks from using the left lane was the test site, and the control site was 
a similar site in Palm Beach County, Florida, without any lane restrictions. At the test site, 
accident data was collected for three years for the before period and for six years after TLRS was 
introduced.  For the control site, data was collected for the same nine years. Statistical tests were 
conducted to look for any significant difference in accident rates among the groups; one test 
compared before and after data within Broward County and the other compared Broward County 
with Palm County. The results showed no significant difference between before and after periods 
for all crashes although, compared to the control site a decreasing trend in two kinds of accidents 
were found. The proportion of trucks to all vehicle accidents significantly decreased by 38.43 
percent and truck injury crashes to all vehicle injury crashes by 56.81 percent in the Broward 
county site (Vargas, 1992). The study did not detect any impact of TLRS in reducing side-swipe 
or rear-end crashes. Restricting trucks with more than three axles from the inside lane of a  
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six-lane urban freeway was found to reduce injuries and hence was recommended as a crash 
reduction strategy based on this study. 
 
In the study conducted by Mussa and Price (2004) on a 54-mile section of  I-75 in northern 
Florida in which trucks were prohibited from using the far left lane, crash data showed that rear-
end, run-off roadway, and side-swipe crashes due to lane changing were common. During a two 
year period from January 1, 1999 to December 31, 2000, lane changes were observed as the 
major cause for 48 percent of crashes involving trucks only and 28 percent of crashes involving 
all vehicles. A simulation study was also conducted on this section of highway and it indicated a 
significant increase in lane changes would likely result if the truck lane restrictions were 
removed. Thus, it was concluded that revoking the truck lane restriction would lead to more 
crashes in this corridor. 
 
Liu and Garber (2007) used simulation to estimate conflicts between vehicles under different 
truck lane restriction strategies. Conflict in this case was defined as the potential collision 
between two vehicles. Three kinds of conflicts were studied as shown in Figure 4: 
 A lane changing conflict happened when Vehicle A changed lanes in front of vehicle B  
 A lane merging conflict occurred when Vehicle D entered a lane from an entry ramp in 
front of Vehicle E  
 A rear end conflict occurred between Vehicle B and Vehicle C when Vehicle B reduced 
speed while the two vehicles were travelling in the same lane and direction.  
Conflicts for this study were considered as potential collisions involving two vehicles. Conflicts 
were traced when lane-changing, merging, or braking maneuvers occurred; when the time of 
conflict exceeded a threshold value, a conflict was assumed to have occurred.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4 
Layout showing conflicts 
(Liu and Garber,2007) 
 
Vehicle A 
Vehicle C Vehicle B Vehicle A 
Vehicle E Vehicle D 
Vehicle D 
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Various TLRS strategies were tested using different values of volume, truck percentage, number 
of lanes, etc. The results showed a decrease in the frequency of lane changing conflicts with an 
increase in the number of lanes restricted at low truck percentages and for volumes below 1500 
vphpl.  However, the opposite trend was observed when traffic volume was above 1500 vphpl. A 
similar analysis was conducted for merging conflicts. The frequency of merging conflicts for 
trucks increased and car-car merging conflicts decreased with the number of restricted lanes and 
for volumes less than 1500 vphpl. However, when demand volume was more than 1500 vphpl, 
truck merging conflicts decreased with an increase in restricted lanes. For rear-end conflicts, 
frequencies increased with an increase in the number of restricted lanes when truck percentages 
were below 40 percent and volume above 1000 vphpl. Lane restrictions were determined to be 
beneficial on high volume, high truck percentage roads. 
2.1.7 Impact of TLRS on access/egress points  
 
In the case of right lane restrictions, increased truck traffic on right lanes made it difficult for 
vehicles to enter or exit the facility. Vehicles entering on-ramps had to wait for a space between 
the slow-moving trucks and then had to travel sandwiched between the trucks before they could 
change lanes. Also, vehicles exiting the freeway had to find a gap in the right lane before exiting. 
This kind of hindrance near exit/entry ramps is called the “barrier effect” and often manifested 
itself in the form of a heightened involvement of trucks in rear-end and side-swipe collisions 
(Gan and Jo, 2003). Another issue at exit/entry points is low visibility of signs. While travelling 
behind the trucks, traffic signs were generally less visible to following passenger cars, which 
made travel inconvenient and unsafe.  
 
Moses (2007) simulated left lane, center lane, and right lane restrictions on facilities with three, 
four, and five lanes in each direction (see Table 3). He found that center lane and right lane 
restrictions caused spill back onto arterial roadways at interchanges due to the difficulty of 
entering trucks to get an acceptable gap on the facility during peak hours. Exiting vehicles did 
not generate similar delays; they were limited to entrance ramps. 
 
In the NCTCOG study (Sims and Royester, 2006), the following data was collected: (a) cars in 
outside lane blocking exit/entry ramps, (b) trucks in the outside lane blocking exit/entry ramps, 
(c) near collisions (no truck involved), (d) near collisions (truck involved), (e) queues on the 
entrance ramp, (f) queues on the exit ramp, (g) queues on the freeway, (h) trucks in the inside 
lane not passing, and, (i) wall of trucks. The results indicated a wall of trucks (i.e. an unbroken 
line of trucks) at both locations but it was not concluded that truck restrictions had a negative 
impact on access/egress.  
 
The Texas Transportation Institute (TTI) recommended the guideline that the stretch of roadway 
incorporating a truck lane restriction should be one mile beyond any entry/exit ramp for easy 
access/egress of vehicles in Texas (TTI, 2002).  
 
2.2 Impact of TLRS on Pavement Damage 
 
The concentration of truck traffic on certain lanes due to a truck lane restriction is believed to 
negatively impact the pavements. Pavements are usually designed for 20 years and normally in 
the case of multilane highways, trucks are distributed over all the lanes in some manner. With the 
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passage of time, traffic and environmental conditions are believed to play a role in developing 
various types of distress in the pavement depending on the type of pavement. For example, 
surface down cracking, thermal cracking, fatigue cracking, and surface smoothness are some of 
the distress expected in the study section. A prohibition on trucks from using certain lanes would 
increase the truck traffic on the remaining lanes and thereby lead to accelerated pavement 
damage on these lanes in comparison to what would happen during expected design life (20 
years). Pavement rehabilitation is a cost accruing job and hence it was very important to evaluate 
the pavement damage aspect of Truck Lane Restrictions.  
 
In most states, slow-moving traffic is restricted to rightmost lanes. Trucks are considered to be 
slow-moving vehicles due to their mass and lower acceleration and deceleration abilities, thus 
they tend to travel in the slower lanes. This causes uneven wear of the pavement. When trucks 
are further concentrated on the slower lanes by truck lane restrictions, uneven wear of the 
pavement is exacerbated.  
 
Mannering et al. (1993) studied the impact that a prohibition on trucks from the left lane on 
highways has on pavement deterioration in the Puget Sound region. Pavement curves showing 
the relationship between Present Serviceability Index and equivalent axle loads for lane 3 (the 
lane adjacent to the inside lane) and lane 4 (the inside lane) were developed using soil and water 
conditions in the Puget Sound Region. Pavement deterioration was measured assuming 100 
percent compliance and no weather impact on the pavement. Improved pavement conditions on 
lane 4 (the restricted lane) and reduced pavement life on lane 3 was observed after left lane 
restriction.  
 
Pavement deterioration was estimated using the concept of Equivalent Single Axle Loads 
(ESALs) by Yang and Regan (2007) in their simulation study. The sum of ESAL values on all 
lanes was used to determine pavement deterioration assuming 100 percent compliance. Damage 
was assessed using the standard damage equation in AASHTO (1993) (Christropher et.al, 2006). 
For the case where there were four lanes in each direction and trucks were prohibited from the 
left-most lane (alternative 1), or from the two left-most lanes (alternative 2), the results are 
shown in Figure 5. As can be seen, the total ESALs increased from approximately 290,000 to 
approximately 310,000 when moving from no truck lane restrictions to prohibiting trucks from 
the left-most lane only (alternative 1). Thus, approximately 7 percent increase in total pavement 
damage was increased by approximately 34 percent as the total ESALs increased to 
approximately 390,000 when trucks were prohibited from using the two left-most lanes 
(alternative 2). The total ESALs reflect the total loading imposed on the pavement and were 
therefore indicative of the wear the pavement experiences. Pavements were designed for a total 
number of ESALS so any accelerated consumption of ESALs represented a direct reduction in 
the life of the pavement. Thus, given the assumption of 100 percent compliance in this study, the 
pavement was estimated to fail 34 percent earlier if trucks were restricted from using the two 
left-most lanes in a four-lane in one direction facility, and 7 percent earlier if trucks were 
restricted from using the left-most lane only in the same facility. For pavement designed for 20 
years, this represented a 6.8 year and 1.4 year shortening in the life of the facility, respectively.  
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Figure 5  
Impact of TLRS on pavement damage 
(Yang and Regan, 2007) 
 
2.3 Role of Compliance towards TLRS 
 
The benefit of any lane restriction strategy is dependent on the level of compliance with the 
restriction. The compliance rate is defined as the percentage of trucks which comply with the 
restriction. For instance, to measure the compliance rate of a left lane restriction on six-lane 
highways in Louisiana, the difference in the truck percentage on left lanes prior to the restriction 
and after the restriction was divided by the truck percentage prior to restriction. Several studies 
which measured compliance showed that on facilities with three or more lanes in one direction, 
compliance was generally high. For example, in Virginia, Fontaine and Torrence (2007) found 
that on freeways with three lanes in each direction, over 30 percent of trucks used the left lane 
when there were no truck lane restrictions but between 2.4 and 5.1 percent of trucks used the left 
lane when left lane restriction policies were in force.  
 
TTI did a 36-week evaluation of compliance of a left lane restriction on an 8-mile section of the 
I-10 freeway between Waco and Uvalde Streets in Houston (TTI, 2002). The site was chosen 
based on the criteria of having at least four percent truck volume and a minimum length of six 
miles. Compliance was measured by comparing the traffic volume data collected at three 
locations in the test section and also at a location before and after the restriction. The compliance 
rate was found to be 70-80 percent due to strict enforcement.  
 
In a study conducted in North Central Texas (Sims and Royester, 2006), the distribution of 
trucks on the lanes before and after a restriction on I-20 was found using video data collected at 
I-35 due to unavailability of data at I-20 for eight separate two-hour sessions for Phase 1 (no 
truck lane restrictions and standard level of enforcement) and two separate hour sessions for 
Phase 3 (truck lane restrictions with increased enforcement). The lane distribution of trucks for 
these two conditions is shown in Figure 6. The compliance rate for different levels of 
enforcement is shown in Table 6. 
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       (a) Before introduction of TLRS                 (b) After introduction of TLRS 
             and standard level of enforcement              and increased level of enforcement 
Figure 6   
Impact of TLRS and enforcement on lane distributions of trucks on I-20 
(Sims and Royester, 2006) 
 
Table 6                       
Compliance on I-20 with increased level of enforcement  
(Sims and Royester, 2006)   
Phase 
Percentage of 
trucks in left lane 
Compliance rate 
Phase 1: Before introduction of 
TLRS and with standard level 
of enforcement 
6.7% N/A 
Phase 3: After introduction of 
TLRS and with increased level 
of enforcement 
0.5% 99.5% 
 
In the same study, Intelligent Transportation Systems (ITS) data was used to calculate the lane 
distributions on  I- 30 at 4 different locations, 24 hours a day, 7 days a week at 15-minute 
intervals for peak hours, and at 1- hour interval for off-peak hours for Phase 1 and Phase 4 as 
shown below in Figure 7. Phase 1 was before introduction of TLRS and Phase 4 after. For both 
phases, a standard level of enforcement was in effect. The compliance rates for different phases 
are shown in Table 7. 
 
It can be observed in Table 7 below that with introduction of TLRS and an increased level of 
enforcement, use of the left lane by trucks decreased by 94 percent and the compliance rate was 
99.5 percent.  On I-30, truck use of left lane reduced by 40 percent with the introduction of the 
TLRS and a standard level of enforcement, resulting in a compliance rate of 87.6 percent.  
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             (a) Standard level of enforcement           (b) Enhanced level of enforcement 
Figure 7  
Impact of TLRS and enforcement on lane distributions of trucks on I-30 
(Sims and Royester, 2006) 
 
Table 7     
Compliance on I-30 with standard level of enforcement 
(Sims and Royester, 2006) 
 
 
 
 
 
 
 
Hanscom (1990) measured truck lane occupancy using manual counts before and after 
introduction of a truck lane restriction for matching time-of-day and day-of-week at three study 
sites. On I-290, a six-lane facility, truck occupancy of the left lane at the control site increased 
from 3.8 to 5.4 percent, whereas in the study sites, truck lane occupancy reduced from 6.7 to 0.8 
percent due to the lane restriction. On I-55 in Chicago which is a six-lane facility, the probability 
of a truck using the left lane at the study site was only 0.43 of that in the left lane at the control 
site. On I-90/I-94 in Wisconsin, which has two-lanes in each direction with right lane restriction, 
a reduction in truck lane occupancy from 87.4 percent to 10.2 percent was observed at the study 
site and no significant reduction was observed for the control site. The lower compliance rates in 
Chicago were attributed to the geometry at the test site.  
 
Similarly, Atchafalaya study done by  Ishak et.al (2008) in Louisiana reported 60 percent 
compliance to both left lane truck restriction strategy and differential speed limit implemented 
together on a 18 mile elevated two lane section on I-10 highway at Atchafalaya basin between 
Baton Rouge and Lafayette.  
 
 
 
Phase Percentage of trucks in left lane Compliance rate 
Phase 1 20.5% N/A 
Phase 4 12.4% 87.6% 
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2.4 Findings from Literature Review 
 
The literature review done to study the feasibility of a TLRS was used to outline some 
recommendations for locating potential candidate locations for implementing a left- lane truck 
restriction in Louisiana. The conclusions based on literature study are explained in this section. 
Both the safety and operational impact of TLRS was then used to determine the superior lane 
restriction among all alternatives (no restriction/left lane /right lane) and the criteria which would 
facilitate efficient operation of that lane restriction. The criteria were then used to identify 
potential locations in Louisiana for further study. 
 
The literature was generally consistent in finding that flow on a facility would increase by the 
introduction of TLRS when the number of lanes that were restricted were limited (i.e., one lane 
with three lanes in one direction or at most two lanes restricted with four or five lanes in one 
direction), truck percentage was between 10 and 15 percent, total flow was relatively heavy (say 
> 1300 vphpl), interchange spacing was greater than approximately 2 miles, and ramp volumes 
were less than, say, 1,000 vph. Introduction of TLRS with a limited number of restricted lanes, 
low truck percentage (< 25 percent), peak hour flow, low interchange density, and low ramp 
volumes could cause a small increase in speed. Literature suggested that a left lane restriction 
would result in a slight reduction in travel time of passenger cars and a slight increase in travel 
time of trucks. On the contrary, center or right lane restriction was found to increase travel time 
for all vehicles. Lane changing was observed to increase with TLRS when truck percentages, 
interchange density, and traffic volume increased. Left lane restrictions generated the lowest 
number of lane changes. TLRS generally increased speed differential among vehicles although 
there was generally a lower speed differential among trucks. The impact of this speed differential 
on safety was unknown. Another important advantage due to TLRS was reduced crashes. 
Estimates varied from site to site but most seemed to reduce anywhere between 10 and 30 
percent from prior levels. The reports indicated that crash reduction might be higher among more 
severe crashes (fatalities and injuries) than among the less severe crashes. Similarly, the impact 
that TLRS had on pavement damage significantly depended on the type of lane restriction, 
number of lanes, and truck percentages. On a facility with four lanes in each direction, 
prohibiting trucks from the leftmost lane increased pavement damage overall by approximately 
seven percent.  However, if trucks were prohibited from using the two left-most lanes of the 
same facility, the damage to the pavement increased by 34 percent.. Limiting trucks from using 
the leftmost lane on facilities with two or three lanes in each direction was found to have a 
significantly larger impact resulting in a considerable increase in construction and maintenance 
costs. The shorter life of the existing pavement would result in a significant increase in 
construction and maintenance cost to the state.  
 
Considering the outcome of the literature review, it was clear that TLRS was most applicable to 
controlled access facilities with three or more lanes per direction, and were seldom applied to 
non controlled access facilities. TLRS were mostly applied on a small proportion of the total 
lanes available to provide vehicles with sufficient freedom to overtake other vehicles and to 
choose their own speed. Other conditions were that the volume of traffic on the facility had to be 
sufficient to warrant reducing the interaction between trucks and passenger cars, there had to be a 
low level of on and off ramp traffic, and the percentage of truck traffic in the traffic stream had 
to be sufficient to warrant action and not cause increased congestion in the unrestricted lanes.  
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Literature suggested that truck lane restrictions should be targeted to left lanes (i.e., trucks 
prohibited from using left lanes), and that the number of restricted lanes had to be limited to one 
or two. Restricting trucks to using the right lane was an inferior truck lane restriction strategy on 
every measure of effectiveness, and its negative impact on ease of entry and exit to a freeway 
and on pavement damage was significant. Moreover, highways with two lanes in each direction 
were not found to be suitable for left lane prohibition on trucks because they concentrated trucks 
in the right lane and would result in increased pavement damage, difficultly entry/exit via ramps, 
and negative impact on every Measure of Effectiveness (MOE). Another disadvantage of TLRS 
on highways with two lanes in one direction was the difficulty by police to distinguish between 
an overtaking and violation as overtaking needed to be allowed in these highways.  
 
In a nut shell, the criteria suggested by the literature for considering an application of TLRS in 
Louisiana were that total traffic flow should be in excess of approximately 1,300 vphpl, 
interchanges should preferably be spaced more than two miles apart where TLRS was 
implemented, ramp volumes should be less than approximately 1,000 vph, and truck percentages 
in the traffic stream should be between 10 percent and 25 percent. In addition to this, a left lane 
restriction on trucks (i.e., trucks prohibited from using left lanes) on six-or more lane rural 
highway sections where, the number of restricted lanes was limited to one or two lanes was 
found to be beneficial in Louisiana.  
 
Some of the significant costs of introducing TLRS on left lane of a highway were in pavement 
damage if the restrictions concentrated trucks to a limited set of lanes. Based on this finding, the 
pavement damage aspect of a left lane truck restriction on six or more lane highways in 
Louisiana was further investigated in this study. 
 
In consideration with all the above recommendations, Louisiana road database was searched for 
highway sections which satisfied the above mentioned criteria. To take into account interchange 
spacing and ramp volumes, only rural sections in Louisiana road database with more than  
1300 vphpl were selected for further study. Very few eight-lane freeways existed in Louisiana so 
rural six-lane sections which were more than half a mile in length were identified as potential 
study sections. The pavement impact of a left lane truck restriction on the study sections were 
then studied in detail in the following sections. 
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3. STUDY SECTIONS AND DATA PREPARATION 
 
3.1 Study Sections 
 
One section was identified as potential study sections for implementing left lane truck restriction 
in Louisiana which was a six-lane section on Interstate 10 in the vicinity of Lake Charles. . The 
Lake Charles section details are given in Table 8 below and the map of Louisiana with the  
six-lane study sections highlighted in red is shown in Figure 8. 
  
Table 8                               
Details about study sections 
Route Nearest City Log mile 
from 
Log mile 
to 
District 
number 
Control 
section 
number 
Length 
of 
section 
1-10 Lake Charles 37.71 42.7 07 450-91 4.99 
I-10 Lake Charles 10.06 19.22 07 450-91 9.16 
 
    
                      
Figure 8  
Proposed study sections for TLRS implementation 
  
27 
 
3.2 Development of MEPDG Inputs 
 
MEPDG required a variety of data; some could be found from the WIM and vehicle 
classification databases collected along stations on I-10 in Louisiana. Data collected from eight 
stations were used in this study to calculate the annual average daily truck traffic and to develop 
the axle load spectra, hourly truck distribution and truck lane distribution along I-10. The station 
details are attached in Appendix C. Inputs included in MEPDG are explained in detail below.  
3.2.1 General information 
 
A screen shot of the general information input window is given in Figure 9 below. The study 
section underwent an Asphaltic Concrete overlay work in 2007.The data pertaining to the 
rehabilitation work done in the study section was collected from LADOTD.  
 
 
Figure 9 
General Information input 
 
3.2.2 Site identification 
 
The location, section ID, and milepost from and milepost to details were provided in this section 
to identify the study site. The details are given in Table 8. 
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3.2.3 Analysis parameters 
 
MEPDG uses a deterministic (50 percent reliability) and a probabilistic analysis when the 
desired performance criteria are specified along with the design reliability to be achieved. Design 
reliability is defined as the probability that each of the key distress types and smoothness will be 
less than a selected critical level over the design period.  
 
It is also defined as 1-α, where α is the chances of failure (i.e. α percent of the section will have 
more than the critical distress specified). 
 
The prediction at any reliability can then be calculated using the formula 
Dp = Dm +  * Zp ------------------------------------------------------------------------------------------------------------------------------------- (1) 
 
Where, Dp = Distress at „p‟ reliability (distress at user specified reliability) 
             Dm= Distress at mean (distress predicted at 50 percent predictability using mean inputs) 
                = standard deviation of distress corresponding to distress predicted using      
             deterministic model with mean inputs 
             Zp = standardized normal deviate (mean 0 and standard deviation 1) corresponding to        
             reliability level p. 
 
For the predicted distress, the predicted reliability value calculated using equation (1) was given 
in the output excel file. The predicted reliability had to be greater than the user defined design 
reliability for the design to be safe. In other words, for the design to be safe, the design needed to 
have less chances of failure than that specified by the user. For example, if the design criterion 
for terminal IRI was 172 inches/mile at 90 percent reliability after 20 years and the predicted 
distress was 102.2 inches/mile at 99.24 percent predicted reliability then the design was safe. 
Then it can be said that reliability of the section is 99.24 percent or in other words, 1-α = 0.9924. 
Therefore α = 1-0.9924 = 0.0076. That means under similar conditions, no more than 0.76 
percent of the section had terminal IRI value more than 172 inches/mile. Since the study section 
in this study was an interstate highway, the design reliability recommended was 90 percent.    
Figure 10 below shows the limiting distress values and design reliability used in this study. 
These values were available by default in the software and were based on nationwide average 
values.  
3.2.4 Traffic inputs 
 
MEPDG software uses traffic information collected at a site to determine its impact on the 
pavement. In addition to the two-way AADTT values, traffic inputs in MEPDG had three 
subcategories 1) traffic volume adjustment factors 2) axle load distribution factors and 3) general 
traffic inputs. The two way AADTT values were calculated using the vehicle classification data 
collected from stations along I-10 near the study location. Since the study was constrained to 
vehicle classes 6- 13 (See Table 1), only those vehicle classes with more than three axles were 
included in the AADTT calculation. Truck traffic was considered to be equally distributed on 
both directions. Figure 11 below shows the basic traffic inputs in MEPDG. 
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   Figure 10 
Performance criteria for the study 
 
   Figure 11  
Traffic input for the study 
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3.2.4.1 Traffic volume adjustment factors  
 
Figure 12 below shows the traffic adjustment factor inputs. Four subdivisions under this section 
include:  
 
 Monthly adjustment factors – It shows the monthly variation in truck traffic (vehicle class 
4 – 13) during a year. Since much variation was not expected in Louisiana, a default 
value of 1.00 was used for all months. 
 Vehicle class distribution factors – It is the average percentage of each vehicle class in 
the calculated Annual Average Daily Truck Traffic (AADTT).  
 Hourly truck distribution – It is the average percentage of trucks in each hour in the 
calculated AADTT.  
 Traffic growth factor – This account for the growth or decay in truck traffic over time. A 
compound growth of 2.1 percent was found by LADOTD along the I-10 and so it was 
used in this study.  
 
 
Figure 12 
Traffic volume adjustment inputs 
 
3.2.4.2 Axle distribution factors  
 
Weigh-In-Motion data at stations along I-10 was used to calculate the axle load distribution 
factors. The factors represent the percentage of load applications within each load interval for a 
specific axle type (single, tandem, tridem and quad) and vehicle classes (class4-class13) 
(NCHRP, 2004).   Figure 13 given below shows the axle load distribution factor input window in 
MEPDG. 
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  Figure 13  
Axle load distribution factors 
 
3.2.4.3 General traffic inputs 
  
Figure 14 below shows the screenshot of the input window. It is basically information about axle 
load configuration and loading details, number of axles per truck and wheelbase data. Since these 
values were considered standard, the default values were used in the study. 
 
 
    Figure 14 
      General traffic input 
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3.2.5 Climatic inputs 
 
Environmental conditions have a significant effect on the performance and life of a pavement. 
Adverse climatic conditions lead to reduced pavement life and hence this input was incorporated 
in MEPDG. The climatic station data for different cities were downloaded from the 
Transportation Research Board website. The Lake Charles station data was used for this study. 
Another input needed was the annual average depth of water table (feet) which was taken as  
five feet as recommended by Louisiana Transportation Research Center (LTRC).  
Figure 15 below shows the input window. 
 
 
Figure 15  
   Environmental input 
 
3.2.6 Structural inputs 
 
3.2.6.1   Layers  
 
Structural inputs included the different layers, thickness, and properties of different materials 
constituting the pavement. The structural details of the six-lane section near Lake Charles were 
obtained from Louisiana Transportation Research Center (LTRC). A rehabilitation work was 
done on this section between April 2005 and August 2007. The new pavement was a Jointed 
Plain Concrete Pavement (JPCP) with Hot Mix Asphalt overlay consisting of 2 inch Stone 
Mastic Asphalt (SMA) wearing course followed by 7 inches of super pave asphaltic concrete 
layer and 10 inches of rubblized PCC pavement. The base course consisted of 6 inches of 
chemically stabilized soil cement layer. The sub-grade at this location was mostly silt clay 
material so an A-4 soil class was used for the last layer. The properties of asphalt concrete layers 
33 
 
such as asphalt mix gradation, asphalt binder, unit weight etc were collected from LADOTD and 
input in the software. Some data like thermal conductivity, heat capacity could not be found and 
so the software default values were used in the experiments. Figure 16 below shows the 
screenshot of the input window.  
 
 
Figure 16 
 Structural inputs 
 
Due to non availability of some layer data, default values for Hot Mix Asphalt properties and 
thermal cracking properties were used in the experiments. The effective binder content for 
asphalt layers were given by weight by the LADOTD. MEPDG version 1.00 required effective 
binder content by volume which was calculated using the formulas, 
 
 = ( ) ---------------------------------------------------------------------------------------- (2)                    
 = Gmb (( ) – [(100 - Pb) *   ]) -----------------------------------------------------(3) 
where, 
Pb = Binder Content by weight  
Gb = Specific Gravity of the Binder  
Gmb = Bulk Specific Gravity of the Mix at time of construction  
Gmm = Maximum Theoretical Specific Gravity of the Mix  
Gsb = Combined Bulk Specific Gravity of the Aggregate  
Gse = Effective specific gravity of the aggregate  
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3.2.6.2 Thermal cracking  
 
The progression of thermal cracking over the design life due to interaction between climatic 
conditions and material properties was calculated by the MEPDG. The asphalt concrete layer 
properties were used to calculate this type of cracking. Due to the non availability of some of the 
data, default values in the guide as shown in Figure 17 below were used. 
 
 
Figure 17  
Thermal cracking input 
 
3.3 Compliance Rates and Truck Lane Distributions  
 
Two important requirements for this study were knowledge of compliance level and truck lane 
distributions. The 1993 AASHTO pavement design guide states that on a six-lane highway, the 
percent of trucks usually on the right lane were in the range of 60-80 percent (AASHTO, 1993). 
Based on this and the Louisiana traffic data along I-10 on four-lane highway sections, eight 
logical truck lane distributions were developed for this study. Lane distributions considered for 
this study are 70-20-10, 70-25-5, 70-15-15, 75-20-5, 75-15-10, 80-10-10, 80-15-5, 85-10-5. 
Truck lane distribution in this study indicated the percentage of trucks from the rightmost 
(outside) to the leftmost (inside) lane on a six-lane highway. 
 
Regarding compliance, a compliance rate of 80 percent and 90 percent was used in this study. 
For “with restriction” scenario, the percentage of trucks in the leftmost lane in each of the above 
35 
 
mentioned truck lane distributions were multiplied by the compliance rate to get the percentage 
of trucks that complied with the lane restriction. It was then equally distributed between the 
middle and right most lanes. Since trucks were expected to predominantly use right most 
(outside) lane, it was considered as the design lane and the pavement damage happening on this 
lane due to increased truck traffic was estimated.  
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 4. METHODOLOGY 
 
4.1 Traffic Inputs from WIM and Classification Data 
4.1.1 Annual average daily truck traffic 
 
AADTT is the total volume of truck traffic on a highway segment for one year divided by 
number of days in a year. AADTT was calculated using classification data collected during the 
year 2004 from eight stations along I-10 which were in the vicinity of the study location. Data 
for three days along both east and west directions were available. The count of all vehicles from 
class 6 to class 13 in both directions was summed up as the total truck count. Twenty four hour 
truck data was available only for one of the days at all stations using which a cumulative 
frequency distribution was drawn. Using the cumulative distribution 24 hour truck count for the 
two days for which it was not available was calculated. Thus 24 hour data for all three days was 
created at all stations. Then the average of all the 24 hour truck count between all the stations 
was reported as the AADTT data.  
4.1.2 Hourly truck distribution 
 
The truck count for all the three days for each hour was averaged at all stations and the 
normalized truck count for each hour for each station was calculated. The normalized values of 
truck count for each hour on all stations were averaged to get the average hourly truck 
percentage at the study section.  
4.1.3 Axle load distribution factors 
 
Weigh-In-Motion data from all the stations along I-10 was used for developing the factors. Each 
vehicle class data was queried using Microsoft Access and the different sub classes of vehicles 
was identified using axle spacing values. The FHWA vehicle classification scheme given in 
Table 1 was used to determine the axle types for each vehicle class. The different axle loads in 
pounds for specific axle types and vehicle classes was then estimated. The load and the 
normalized frequency of axles carrying the load were used to develop the axle load spectra for 
the available months. The bin ranges used for developing the axle spectra for various axle types 
are given below.  
For single axle type - from 3000 lb to 40,000 lb in 1000 lb increments 
For tandem axle type – from 6000 lb to 80,000lb in 2000 lb increments 
For tridem axle type – from 12,000 lb to 102,000 lb in 3000 lb increments 
For quad axle type - from 12,000 lb to 102,000 lb in 3000 lb increment 
 
The normalized axle load distribution value for all the available months  was then averaged 
along each bin value to get the axle load distribution factors for all classes of vehicles and types 
of axles (single, tandem, tridem and quad).  
 
4.2 Analysis With and Without Left Lane Truck Restrictions 
 
All the major inputs as explained in chapter 3 were entered in the software. The desired 
performance criteria for the distress were provided and the user specified design reliability was 
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90 percent as shown in Figure 10. The impact of TLRS on the pavement damage in the existing 
conditions were studied by conducting “with” and “without restriction” scenarios using various 
combinations of variables like truck lane distribution, and compliance values for the test section.  
The distress reported in the output file was checked to see whether any pavement failure had 
occurred. A pavement failure was expected if the predicted distress exceeded the performance 
criteria specified during the design life period. Using the performance criteria as a limiting factor 
the age at which the pavement reached the performance criteria was computed for “without” and 
“with restriction” scenarios for all the cases studied. The reliability summary given by the excel 
output file had rutting values for the AC layer for 240 (12*20) months. Using these values, 
graphs were plotted with pavement age in months on the horizontal axis and permanent 
deformation (inches) distress in AC layer along the vertical axis for “without restriction”, “with 
restriction at 80 percent compliance” and “with restriction at 90 percent compliance”. The 
pavement age at which this distress criterion was reached was calculated for all the three cases. 
The difference between the pavement ages for the scenarios (without/with TLRS) gave the 
reduction in pavement life attributed to TLRS. The following Table 9 explains the combinations 
of variables used in this study for without and with restrictions at the Lake Charles study section.  
 
Table 9   
Variables used for the study 
Truck lane distribution 
without TLRS 
Compliance rates Initial two-
way AADTT 
Truck lane distribution 
with TLRS 
70-20-10 0% (without TLRS) 
80% 
90% 
6206 70.0-20.0-10.0 
74.0-24.0-2.0 
74.5-24.5-1.0 
70-15-15 0% (without TLRS)  
80% 
90% 
6206 70.0-15.0-15.0 
76.0-21.0-3.0 
76.8-21.8-1.5 
70-25-5 0% (without TLRS)  
80% 
90% 
6206 70.0-25.0-5.0 
72.0-27.0-1.0 
72.3-27.3-0.5 
75-20-5 0% (without TLRS)  
80% 
90% 
6206 75.0-20.0-5.0 
77.0-22.0-1.0 
77.3-22.3-0.5 
75-15-10 0% (without TLRS)  
80% 
90% 
6206 75.0-15.0-10.0 
79.0-19.0-2.0 
79.5-19.5-1.0 
80-10-10 0% (without TLRS)  
80% 
90% 
6206 80.0-10.0-10.0 
84.0-14.0-2.0 
84.5-14.5-1.0 
80-15-5 0% (without TLRS)  
80% 
90% 
6206 80.0-15.0-5.0 
82.0-17.0-1.0 
82.3-17.3-0.5 
85-10-5 0% (without TLRS)  
80% 
90% 
6206 85.0-10.0-5.0 
87.0-12.0-1.0 
87.3-12.3-0.5 
38 
 
4.3 Sensitivity Analysis 
 
A sensitivity analysis was conducted to estimate how sensitive the impact of TLRS on pavement 
damage was to truck traffic on the roadway. The procedure followed for this analysis was very 
similar to the one done in section 4.2 except that the current AADTT at the section was replaced 
by 7000 and 8000 AADTT. Results of the “without” and “with restriction” scenarios for both 
AADTT values were checked for any pavement failures and for the distress which caused the 
failure, the reduction in pavement life attributed to TLRS were estimated using the performance 
criteria as limiting factor. Table 10 below shows the variables involved in the sensitivity 
analysis. 
 
Table 10                          
Variables for sensitivity analysis 
Truck lane distribution 
without TLRS 
Compliance rates Initial two-
way AADTT 
Truck lane distribution 
with TLRS 
70-20-10 0% (without TLRS)  
80% 
90% 
7000 
8000 
70.0-20.0-10.0 
74.0-24.0-2.0 
74.5-24.5-1.0 
70-15-15 0% (without TLRS)  
80% 
90% 
7000 
8000 
70.0-15.0-15.0 
76.0-21.0-3.0 
76.8-21.8-1.5 
70-25-5 0% (without TLRS)  
80% 
90% 
7000 
8000 
70.0-25.0-5.0 
72.0-27.0-1.0 
72.3-27.3-0.5 
75-20-5 0% (without TLRS) 
80% 
90% 
7000 
8000 
75.0-20.0-5.0 
77.0-22.0-1.0 
77.3-22.3-0.5 
75-15-10 0% (without TLRS)  
80% 
90% 
7000 
8000 
 
75.0-15.0-10.0 
79.0-19.0-2.0 
79.5-19.5-1.0 
80-10-10 0% (without TLRS)  
80% 
90% 
7000 
8000 
80.0-10.0-10.0 
84.0-14.0-2.0 
84.5-14.5-1.0 
80-15-5 0% (without TLRS)  
80% 
90% 
7000 
8000 
80.0-15.0-5.0 
82.0-17.0-1.0 
82.3-17.3-0.5 
85-10-5 0% (without TLRS)  
80% 
90% 
7000 
8000 
85.0-10.0-5.0 
87.0-12.0-1.0 
87.3-12.3-0.5 
 
4.4 Statistical Analysis 
 
The predicted distress values which caused the pavement to fail in “without” and “with 
restriction” scenarios was statistically analyzed to see whether there was any significant 
difference between them. Since the distress was assumed to be normally distributed, a standard 
z-test (two-tailed) between two means was used in the statistical study. The average values of the 
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distress reported in the excel output and the standard deviation of the mean was used to develop 
the z statistic at 95 percent level of significance. The hypothesis for the test is given below. 
 
Null hypothesis           H0  :  (ŷ1 - ŷ2) = 0             
Alternate hypothesis   H1  :  (ŷ1 - ŷ2) ≠ 0 
Test statistic z* =     
–
               where se = pooled standard deviation =  
ŷ1 – mean distress value after TLRS,  
ŷ2 – mean distress value before TLRS 
se1 = standard deviation of mean distress value for after condition 
se2 = standard deviation of mean distress value for before condition 
 
Reject H0 if   | z*| > 1.96 for a two-tailed test 
 
Since the difference in mean outputs could be less than or greater than zero, a two-tailed z test 
was appropriate for testing the hypothesis. If the difference between mean outputs were lesser 
than 1.96, then null hypothesis was not rejected indicating that there was no significant 
difference between mean distress values without and with TLRS for different truck lane 
distribution and compliance issues. 
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5. ANALYSIS AND RESULTS 
 
5.1 Traffic Inputs Results 
5.1.1 Cumulative truck percent distribution for AADTT calculation 
 
Figure 18 and Figure 19  below shows the cumulative distribution drawn for station 24 and 
station 106 as explained in section 4.1.1. Similarly, cumulative truck percent distribution was 
drawn for all the other six stations which are included in Appendix D. 
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   Figure 18  
Cumulative distribution of truck count for a whole day at station 24 
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   Figure 19  
 Cumulative distribution of truck count for a whole day at station 106 
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5.1.2 Hourly truck distribution 
  
Figure 20 below shows the hourly truck distribution for Lake Charles study section. 
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    Figure 20  
Hourly distribution of average truck count at study section 
 
5.1.3 Axle load spectra and axle load distribution factors 
 
Figure 21 below shows the normalized axle load spectra for class 6, single axle load for the 
month of June, 2004. The axle load spectra drawn for all vehicle classes and axle types are 
included in Appendix E 
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  Figure 21  
Normalized axle spectra for single axle load of class 6 vehicle 
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Similarly, axle load distribution factors for available months for each class of vehicle and each 
axle type was calculated. These factors were then averaged among the available months to get 
the axle load distribution factors for as shown in Table 11 below. 
 
Table 11  
Axle load distribution factors for single axle load for class 6 vehicle  
Bin June July Aug Sep Average Factors 
3000 0.22 0.37 0.13 0.03 0.19 18.62 
4000 0.20 0.08 0.20 0.08 0.14 13.92 
5000 0.10 0.06 0.08 0.07 0.08 7.73 
6000 0.05 0.06 0.01 0.07 0.05 4.90 
7000 0.02 0.04 0.02 0.04 0.03 3.00 
8000 0.03 0.06 0.02 0.03 0.04 3.64 
9000 0.04 0.02 0.02 0.03 0.03 2.86 
10000 0.11 0.06 0.16 0.14 0.12 12.03 
11000 0.08 0.14 0.10 0.15 0.12 11.78 
12000 0.05 0.00 0.04 0.12 0.05 5.47 
13000 0.03 0.00 0.03 0.07 0.03 3.13 
14000 0.02 0.02 0.02 0.03 0.02 2.34 
15000 0.03 0.00 0.01 0.03 0.02 1.88 
16000 0.01 0.00 0.00 0.02 0.01 0.74 
17000 0.01 0.02 0.01 0.05 0.02 2.35 
18000 0.00 0.02 0.02 0.01 0.01 1.48 
19000 0.00 0.02 0.03 0.02 0.02 1.77 
20000 0.00 0.00 0.03 0.01 0.01 1.08 
21000 0.00 0.02 0.01 0.01 0.01 1.03 
22000 0.00 0.00 0.01 0.00 0.00 0.19 
23000 0.00 0.00 0.00 0.00 0.00 0.07 
24000 0.00 0.00 0.00 0.00 0.00 0.00 
25000 0.00 0.00 0.00 0.00 0.00 0.00 
26000 0.00 0.00 0.00 0.00 0.00 0.00 
27000 0.00 0.00 0.00 0.00 0.00 0.00 
28000 0.00 0.00 0.00 0.00 0.00 0.00 
29000 0.00 0.00 0.00 0.00 0.00 0.00 
30000 0.00 0.00 0.00 0.00 0.00 0.00 
31000 0.00 0.00 0.00 0.00 0.00 0.00 
32000 0.00 0.00 0.00 0.00 0.00 0.00 
33000 0.00 0.00 0.00 0.00 0.00 0.00 
34000 0.00 0.00 0.00 0.00 0.00 0.00 
35000 0.00 0.00 0.00 0.00 0.00 0.00 
36000 0.00 0.00 0.00 0.00 0.00 0.00 
37000 0.00 0.00 0.00 0.00 0.00 0.00 
38000 0.00 0.00 0.00 0.00 0.00 0.00 
39000 0.00 0.00 0.00 0.00 0.00 0.00 
40000 0.00 0.00 0.00 0.00 0.00 0.00 
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5.2 Results for “Without” and “With TLRS” Simulations at Study Section 
 
Based on the various combinations of truck lane distribution and compliance rates a total of 24 
simulations were done. For all the simulations the permanent deformation in the AC layer was 
the only distress which caused the pavement to fail. The predicted distress (AC deformation) 
reported were mean values and the predicted reliability values meant the percentage of the 
section which had deformations lesser than the design criteria (0.25 inches). The predicted 
reliability varied among all the cases which indicated that some designs were a little better than 
others. Table 12 below shows the comparison results for permanent deformation in AC layer 
between “80 percent compliance” and “without restriction” scenarios at Lake Charles location.  
 
Table 12  
AC rutting comparison results for 80 percent compliance and no restriction 
Truck lane 
distribution 
without 
TLRS 
Truck lane 
distribution 
with 
TLRS@ 
80% 
compliance 
AADTT Predicted 
permanent 
deformation 
in AC layer 
(in) at 80% 
compliance/
no 
restriction 
Predicted 
reliability 
(%) for 
80% 
compliance
/no 
restriction 
Chance of  
failure 
(%)at 80% 
compliance 
/no 
restriction 
(Pass/ Fail)  
85-10-5 87-12-1 6206 0.40/0.39 10.09/10.58 89.91/89.42  
Fail 
80-10-10 84-14-2 6206 0.39/0.38 10.83/11.94 89.17/88.06 
Fail 
80-15-5 82-17-1 6206 0.39/0.38 11.37/11.94 88.63/88.06 
Fail 
75-15-10 79-19-2 6206 0.38/0.37 12.24/13.54 87.76/86.46 
Fail 
75-20-5 77-22-1 6206 0.37/0.37 12.88/13.54 87.12/86.46 
Fail 
70-15-15 76-21-3 6206 0.37/0.36 13.22/15.45 86.78/84.55 
Fail 
70-20-10 74-24-2 6206 0.37/0.36 13.92/ 15.45 86.08/84.55 
Fail 
70-25-5 72-27-1 6206 0.36/0.36 14.66/15.45 85.34/84.55 
Fail 
 
All the cases without any TLRS were found to have predicted reliability values less than 90 
percent (design reliability) which indicated that the pavement would fail much earlier than 
design life (20 years) due to permanent deformation in AC layer. However, it can be noticed in 
the predicted permanent deformation values in Table 12 that “with TLRS”, as the percentage of 
trucks on the right lane increased the permanent deformation in AC layer increased or in other 
words, the greater the concentration of trucks in the right lane due to lane restrictions, the greater 
was the chances of failure of the pavement. In any case at 80 percent compliance “with 
restriction”, the predicted reliability of the permanent deformation value was less than that 
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“without restriction” case. Hence, it could be deduced that the probability of such a failure 
happening increased with the implementation of a lane restriction on trucks. This is explained in 
detail below. 
 
Using the standard deviation equation given in MEPDG for the mean distress and the mean 
predicted distress, reliability calculation can be done as follows. 
Standard deviation for AC permanent deformation = 0.24 * Power (rut depth, 0.8026) + 0.001 
where, power (rut depth, 0.8026) mathematically means (rut depth) 
0.8026 
 
For instance, in the 85-10-5 truck lane distribution without any restriction, the mean AC rut 
depth was 0.3929. The standard deviation calculated from the above equation gave 0.114. 
Reliability is probability (permanent deformation in AC layer < Critical distress value of 0.25 at 
90 % reliability) = Probability (z ≤ [(0.3929-0.25)/ 0.114]) = P (z ≤ 1.25) = 0.5-0.3944 =0.1056 
i.e., 10.56 percent, which was close to the reported 10.58 percent 
So the chance of having a failure was 1 - 0.1058 = 0.8942 = 89.42 percent.  
However, with restriction, Reliability = 0.1009  
Chances of failure = 1-0.1009 =0.8991 =89.91 percent. Thereby, the chance of having a failure 
increased from 89.42 percent to 89.91 percent with TLRS. 
 
In other words, it can be said that without any restriction, no more than 89.42 percent of the 
section, under similar conditions was found to have more than 0.25 inches of AC rutting value. 
But with restriction, this value increased to 89.91 percent which meant that with TLRS, the 
percent of the section under similar conditions which had no more than 0.25 inches of rutting 
increased by (0.8991-0.8942)/0.8942= 0.55 percent. Increase in chances of failure from 85.34 
percent to 89.91 percent with increase in truck percentages in the right lane (from 72-87 percent) 
was a clear indication about the detrimental effect of TLRS on pavement deformation. Similarly, 
for 90 percent compliance, the predicted distress and the predicted reliability is shown in  
Table 13 below. 
 
At 90 percent compliance for 85-10-5 truck lane distribution, chances of failure was  
1- 0.1004 = 89.96 percent. So “with TLRS”, the percent of the section with AC rutting of no 
more than 0.25 inches increased from 89.42 to 89.96 percent i.e. (0.8996-0.8942)/0.8942 = an 
increase by 0.60 increase. Similar to the results for 80 percent compliance, at 90 percent 
compliance as the percentage of trucks in the right lane increased with TLRS, the permanent 
deformation value in AC layer also increased. Even though, some chances of failure of the 
section existed before any TLRS was applied, the chances increased further with TLRS. Based 
on these results, it can be said that TLRS application on the pavement would decrease the 
reliability of the pavement structure (i.e., the chances of the limiting distress being within the 
specified limit decreased) 
 
5.3 Comparison between Compliance Rates 
  
Compliance was a very important factor to determine the benefit of a truck lane restriction. 
Intuitively, the higher the compliance rates, the greater the operational benefits of lane 
restrictions. The results shown in Table 14 below shows the comparison between distress values 
obtained with both compliance rates. 
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Table 13  
AC rutting comparison results for 90 percent compliance and no restriction
Truck lane 
distribution 
without 
TLRS 
Truck lane 
distribution 
with 
TLRS@ 
90% 
compliance 
AADTT Predicted 
permanent 
deformation 
in AC layer 
(in) at 90% 
compliance/ 
no restriction 
Predicted 
reliability 
(%) for 
90% 
compliance
/no 
restriction 
Chance of  
failure 
(%)at 80% 
compliance 
/no 
restriction 
(Pass/ Fail) 
85-10-5 87.3-12.3-0.5 6206 0.40/0.39 10.04/10.58 89.96/89.42 
Fail 
80-10-10 84.5-14.5-1.0 6206 0.39/0.38 10.71/11.94 89.29/88.06 
Fail 
80-15-5 82.3-17.3-0.5 6206 0.39/0.38 11.31/11.94 88.69/88.06 
Fail 
75-15-10                                                                                        79.5-19.5-1 6206 0.38/0.37 12.09/13.54 87.91/86.46 
Fail 
75-20-5 77.3-22.3-0.5 6206 0.38/0.37 12.80/13.54 87.20/86.46 
Fail 
70-15-15 76.8-21.8-1.5 6206 0.37/0.36 12.95/15.45 87.05/84.55 
Fail 
70-20-10 74.5-24.5-1 6206 0.37/0.36 13.74/15.45 86.26/84.55 
Fail 
70-25-5 72.3-27.3-0.5 6206 0.36/0.36 14.56/15.45 85.44/84.55 
Fail 
 
Table 14   
Compliance rates result comparison   
Truck lane 
distribution 
without 
TLRS 
Truck 
percentages 
on right lane 
at 80% /90% 
compliance 
rate 
AADTT Predicted 
permanent 
deformation in 
AC layer (in) at 
80% 
compliance/90% 
compliance 
 
Predicted 
reliability 
for 80% 
compliance
/90% 
compliance 
Chance of  
failure 
(%)at 80% 
compliance 
/90% 
compliance 
85-10-5 87/87.3 6206 0.40/0.40 10.09/10.04 89.91/89.96 
80-10-10 84/84.5 6206 0.39/0.39 10.83/10.71 89.17/89.29 
80-15-5 82/82.3 6206 0.39/0.39 11.37/11.31 88.63/88.69 
75-15-10 79/79.5 6206 0.38/0.38 12.24/12.09 87.76/87.91 
75-20-5 77/77.3 6206 0.37/0.38 12.88/12.80 87.12/87.20 
70-15-15 76/76.8 6206 0.37/0.37 13.22/12.95 86.78/87.05 
70-20-10 74/74.5 6206 0.37/0.37 13.92/13.74 86.08/86.26 
70-25-5 72/72.3 6206 0.36/0.36 14.66/14.56 85.34/85.44 
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There was only a marginal difference between predicted reliability values with little or no change 
in the deformation values. However, it can be said that increased compliance lead to increased 
chances of failure.  
 
5.4 Impact of Lane Restriction on Pavement Age 
 
It was difficult to determine the impact of TLRS on the pavement since only marginal 
differences existed in predicted deformation values of the AC layer “without” and “with 
restriction”. Using the performance criteria as a limiting factor, the difference in ages for both 
scenarios (without/with TLRS) at which the pavement reached the criteria was determined and it 
was used to find the reduction in pavement life caused by TLRS. Compared to “without TLRS” 
scenario, pavement “with TLRS” was expected to reach the permanent deformation value early. 
Following this, the difference in ages of pavement at which permanent deformation was reached 
“without” and “with restriction” was determined for both compliance values and reported as  the 
decrease in pavement design life caused as a result of the TLRS.  
5.4.1 Reduction in pavement age change at the study section  
 
At the study section, three simulations were run for each of the eight truck lane distribution 
combinations. The simulations included three scenarios 1) “without any TLRS” 2) “with TLRS 
at 80 percent compliance” and 3) “at 90 percent compliance”. Figure 22 and   Figure 23 given 
below shows impact of TLRS on pavement age for two truck lane distributions studied. As 
shown in the figures, the graphs at 80 percent and 90 percent compliance values over lap which 
meant that there was not much difference in rutting values. Similar graphs drawn for remaining 
truck lane distributions are attached in Appendix F. 
 
 
  Figure 22  
Reduction in pavement age for 70-15-15 truck lane distribution 
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  Figure 23 
Reduction in pavement age for 70-20-10 truck lane distribution 
 
For all the truck lane distributions studied, the pavement age in months at which the pavement 
failed varied anywhere from 1 month to 10 months in different conditions. Table 15 below shows 
a comparison of all the results. 
 
Table 15   
Pavement age difference due to TLRS 
Truck lane 
distribution 
Permanent 
deformation limit 
for AC layer in 
inches 
Pavement age in months for no 
TLRS/ TLRS with 80% compliance/ 
TLRS with 90% compliance  
Difference in 
pavement age due 
to TLRS in months 
@ 80% / @90% 
compliance 
70-15-15 0.25 120/116/116 4/4 
70-20-10 0.25 120/118/118 2/2 
70-25-5 0.25 120/119/119 1/1 
75-20-5 0.25 118/115/111 3/7 
75-15-10 0.25 118/108/108 10/10 
80-10-10 0.25 108/106/106 2/2 
80-15-5 0.25 108/107/107 1/1 
85-10-5 0.25 105/102/102 3/3 
 
The differences shown in the table were negative differences which meant it showed the age in 
months by which the pavement was expected to fail earlier due to TLRS. There was only a 
marginal difference in pavement age at failure between 80 percent and 90 percent compliance. 
Of all the combinations studied, 75-15-10 had the greatest impact because an implementation of 
TLRS caused the pavement to fail 10 months earlier than it would without any TLRS. The 
second combination to bring an earlier failure was 75-20-5 at 90 percent compliance followed by 
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70-15-15 and 85-10-5. Combinations such as 70-20-10, 70-25-5, 80-10-10 and 80-15-5 had a 
very small impact.  
 
5.5 Sensitivity of Annual Average Daily Truck Traffic to TLRS  
 
Increase in AADTT values, meant more truck traffic and hence, the distress due to TLRS was 
expected to increase. To explore this sensitivity of TLRS to truck traffic, analysis using two new 
values of AADTT such as 7000 and 8000 was done. Similar to earlier section, for all the 
combinations of truck lane distributions various simulations were conducted “without 
restriction”, “with restriction at 80 and 90 percent compliance” for two values of AADTT; 7000 
and 8000 at the study section. Similar to section 5.4 results, not much difference existed between 
the predicted rutting values for the cases studied. Hence, the pavement failure age at which the 
performance criterion was reached by the failure distress for all cases were calculated. The 
results are given below. 
5.5.1 Reduction in pavement age at 80 percent compliance 
 
Four simulations were run for each of the eight truck lane distributions and the change in 
pavement age happening at 80 percent compliance for AADTT values of 7000 and 8000 was 
compared (See Figure 24 and Figure 25).  Similar graphs for other truck lane distributions are 
given in Appendix G. 
 
 
  Figure 24   
Reduction in pavement age with AADTT change for 70-15-15 truck lane distribution 
 
49 
 
 
  Figure 25 
Reduction in pavement age with AADTT change for 70-20-10 truck lane distribution 
 
The difference between age in months by which the pavement was expected to fail (reach 
deformation criteria of 0.25 inches) earlier “with TLRS at 80 percent compliance” than “without 
TLRS” was reported as a reduction in pavement life as shown in the Table 16 below. It ranged 
anywhere from 1 month to 9 months for different truck lane distribution combinations for 7000 
and 8000 AADTT. As can be seen from the table below, regardless of the AADTT values 
75-15-10 had the worst effect due to TLRS as the pavement could fail 9 months earlier due to 
TLRS. 
 
Table 16    
Impact of AADTT on pavement age at 80 percent compliance 
Truck lane 
distribution 
Permanent 
deformation 
limit for AC 
layer in inches 
Pavement age in months 
for AADTT-7000 @ no 
TLRS/ TLRS with 80% 
compliance/ for AADTT-
8000 @ no TLRS/ TLRS 
with 80% compliance  
Difference in pavement 
age due to TLRS for 
AADTT-7000/AADTT-
8000 in months 
70-15-15 0.25 108/105/96/93 3/3 
70-20-10 0.25 108/106/96/94 2/2 
70-25-5 0.25 108/107/96/95 1/1 
75-20-5 0.25 106/104/94/92 2/2 
75-15-10 0.25 106/97/94/85 9/9 
80-10-10 0.25 96/95/84/83 1/1 
80-15-5 0.25 96/95/84/83 1/1 
85-10-5 0.25 94/93/82/81 1/1 
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5.5.2 Reduction in pavement age at 90 percent compliance 
 
Similar to the earlier section, the change in pavement age for all truck lane distributions at 90 
percent compliance for both 7000 and 8000 AADTT values were plotted as shown in Figure 26 
and Figure 27 below. Graphs for the rest of the truck lane distributions are attached in the 
Appendix G 
 
 
  Figure 26  
Reduction in pavement age with AADTT change for 70-20-10 truck lane distribution 
 
 
   Figure 27 
Reduction in pavement age with AADTT change for 70-15-15 truck lane distribution 
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Table 17 below summarizes the difference in pavement age calculated at 90 percent compliance 
for change in AADTT values. Similar to earlier results, 75-15-10 was found to have the greatest 
impact of 10 months reduction in life due to TLRS.  
 
Table 17        
Impact of AADTT on pavement age at 90 percent compliance 
Truck lane 
distribution 
Permanent 
deformation 
limit for AC 
layer in 
inches 
Pavement age in months for 
AADTT-7000 @ no TLRS/ TLRS 
with 90% compliance/ for AADTT-
8000 @ no TLRS/ TLRS with 90% 
compliance  
Difference in 
pavement age due to 
TLRS for AADTT-
7000/AADTT-8000 
in months 
70-15-15 0.25 108/104/96/92 4/4 
70-20-10 0.25 108/106/96/94 2/2 
70-25-5 0.25 108/107/96/95 1/1 
75-20-5 0.25 106/104/94/92 2/2 
75-15-10 0.25 106/96/94/84 10/10 
80-10-10 0.25 96/94/84/82 2/2 
80-15-5 0.25 96/95/84/83 1/1 
85-10-5 0.25 94/93/82/81 1/1 
5.5.3 Comparison of reduction in pavement ages due to TLRS implementation 
 
Table 18 summarizes the impact of TLRS on pavement. The values depict the variation in 
pavement failure age (in months) for truck lane distributions with AADTT, compliance and 
TLRS. The lane distributions have been arranged in decreasing order of truck percentages in the 
right most (outer most) lane after restriction. The reduction in pavement age due to TLRS is 
shown in the brackets. As can be seen from the Table 18, the results for 80 and 90 percent 
compliance were very similar. 
5.5.4 Pavement age change with AADTT and compliance  
 
To get a clear picture of the impact of TLRS and AADTT on 75-15-10 truck lane distribution   
Figure 28 below was drawn using the failure age in months at which pavement reached the 
deformation criteria for various scenarios and AADTT values. Regardless of the sensitivity of 
the pavement failure ages to truck traffic values, a consistent reduction by 10 months between 
without and with TLRS was noticed for all AADTT values.  
 
5.6 Statistical Test Results 
 
The asphalt concrete rutting values which caused the pavement to fail in all the scenarios were 
statistically studied. The mean rutting values was reported in the excel output file. The standard 
deviation for the mean rutting values was calculated using the formula given in MEPDG 
Standard deviation for rut = 0.24* (Rut depth)
 0.8026
 +0.001 
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Table 18  
Change in pavement age with AADTT and TLD due to TLRS  
            
        AADTT 
 
 
Truck lane 
distribution 
6206 7000 8000 
Compliance rates Compliance rates Compliance rates 
0%* 
 
80% 90% 0%* 80% 90% 0%* 80% 90% 
85-20-5 105 102(3) 102(3) 94 93(1) 93(1) 82 81(1) 81(1) 
80-10-10 108 106(2) 106(2) 96 95(1) 94(2) 84 83(1) 82(2) 
80-15-5 108 107(1) 107(1) 96 95(1) 95(1) 84 83(1) 83(1) 
75-15-10 118 108(10) 108(10) 106 97(9) 96(10) 94 85(9) 84(10) 
75-20-5 118 115(3) 111(7) 106 104(2) 104(2) 94 92(2) 92(2) 
70-15-15                                                                                                                     120 116(4) 116(4) 108 105(3) 104(4) 96 93(3) 92(4) 
70-20-10 120 118(2) 118(2) 108 106(2) 106(2) 96 94(2) 94(2) 
70-25-5 120 119(1) 119(1) 108 107(1) 107(1) 96 95(1) 95(1) 
* indicates without any truck lane restriction 
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  Figure 28 
       Pavement age change with AADT and TLRS for 75-15-10 truck lane distribution 
 
 
For all the cases, mean rut depth “without TLRS” and “with TLRS” at different compliance rates 
were analyzed using the z-test for two sample means in the analysis tool pak given in Microsoft 
Excel using pooled standard deviation value mentioned in section 4.4. The results of a two-tailed 
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z-test are given in the table below. No significant difference existed between any of the cases 
studied. Similarly, statistical tests were done for 7000 and 8000 AADTT values, which gave the 
similar results. Table 19 below gives the z-test results for 6206 AADTT.   
 
Table 19 
Results of z-test 
Cases studied for 6206 AADTT Z-value Statistically significant 
70-20-10 without TLRS & 
@ 80% compliance 
0.06254 0.06254 < 1.96 
Not significantly different 
70-20-10 without TLRS & 
@ 90% compliance 
0.07037 0.07037 < 1.96 
Not significantly different 
70-15-15 without TLRS & 
@ 80% compliance 
0.09303 
 
0.09303 < 1.96 
Not significantly different 
70-15-15 without TLRS & 
@ 90% compliance 
0.10525 0.10525 < 1.96 
Not significantly different 
70-25-5 without TLRS & 
@ 80% compliance 
0.03177 0.03177 < 1.96 
Not significantly different 
70-25-5 without TLRS & 
@ 90% compliance 
0.03572 0.03572 < 1.96 
Not significantly different 
75-20-5 without TLRS & 
@ 80% compliance 
0.02967 0.02967 < 1.96 
Not significantly different 
75-20-5 without TLRS & 
@ 90% compliance 
0.03352 0.03352 < 1.96 
Not significantly different 
75-15-10 without TLRS & 
@ 80% compliance 
0.05968 0.05968< 1.96 
Not significantly different 
75-15-10 without TLRS & 
@ 90% compliance 
0.06667 0.06667 < 1.96 
Not significantly different 
80-10-10 without TLRS & 
@ 80% compliance 
0.05639 0.05639 < 1.96 
Not significantly different 
80-10-10 without TLRS & 
@ 90% compliance 
0.06325 0.06325 < 1.96 
Not significantly different 
80-15-5 without TLRS & 
@ 80% compliance 
0.02835 0.02835 < 1.96 
Not significantly different 
80-15-5 without TLRS & 
@ 90% compliance 
0.03143 0.03143 < 1.96 
Not significantly different 
85-10-5 without TLRS & 
@ 80% compliance 
0.02708 0.02708 < 1.96 
Not significantly different 
85-10-5 without TLRS & 
@ 90% compliance 
0.03016 0.03016 < 1.96 
Not significantly different 
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6. CONCLUSIONS 
 
Based on the analysis and results of this study, the following conclusions were drawn.  
 Before any implementation of TLRS at the study section, for all truck lane distributions 
some chance of failure of the pavement due to permanent deformation of asphalt concrete 
layer existed. All the other distress were within the design criteria for the design life of 20 
years. Based on the rutting values in the AC layer, increased chances of failure were 
found to happen “with TLRS” compared to “without TLRS”.  This was intuitively correct 
because increased right lane concentration of trucks expedited the failure of the 
pavement.  
 Though the rutting deformation in asphalt concrete layer was found to increase with lane 
prohibition on trucks and was influenced by compliance and truck lane distribution 
values, the increase was not found to be statistically significantly different from rutting 
values obtained without any lane restrictions.  
 Pavement at the study section was found to fail much earlier than the design life without 
any truck lane restriction. However, increased truck traffic on the right lane resulting 
from a TLRS worsened the situation. Comparison between “without” and “with TLRS” 
scenarios showed that the greatest reduction in pavement age was by 10 months at 75-15-
10 truck lane distribution. The compliance rates did not have considerable influence on 
the pavement age reduction because at both compliance rates, the pavement was found to 
fail nearly at the same age. 
 Sensitivity analysis provided similar results with greatest reduction in pavement age for 
75-15-10 truck lane distribution regardless of the AADTT values. The reductions in 
pavement age were by 9 months for 7000 AADTT and by 10 months for 8000 AADTT at 
both 80 percent and 90 percent compliance. However, the rutting values in the AC layer 
increased with increase in AADTT. 
 
Considering all the above points, the worst truck lane distribution which could cause the greatest 
reduction in pavement age at any AADTT value would be 75-15-10, as the pavement age would 
decrease in the range from 9-10 months. So it can be said that on the I-10 study section if 75 
percent of the trucks were travelling on the right lane, TLRS would decrease the pavement age 
anywhere from 8.5-10.6 percent   for AADTT values ranging between 6000-8000. Interestingly, 
the pavement was found to fail 50-60 percent earlier than the design life of 240 months due to 
AC deformation even “without TLRS”. However, this reduction in pavement age from the 
design life was increased by at least 7 percent with truck lane prohibition and this can be 
interpreted as an early need for rehabilitation. 
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APPENDIX A– INPUT SUMMARY FOR MEPDG 
 
                          
General Information Description: 
 
Lake Charles study section on I-10 
  
  Design Life 20 years   
  
Existing pavement 
construction: June, 1965   
  
Pavement overlay 
construction: June, 2006   
  Traffic open: September, 2007   
  Type of design Flexible   
                
Analysis Parameters   
              
                          
Performance Criteria Limit Reliability       
  Initial IRI (in/mi) 63         
  Terminal IRI (in/mi) 172 90       
  AC Surface Down Cracking (Long. Cracking) (ft/mile): 2000 90       
  AC Bottom Up Cracking (Alligator Cracking) (%): 25 90       
  AC Thermal Fracture (Transverse Cracking) (ft/mi): 1000 90       
  Chemically Stabilized Layer (Fatigue Fracture) 25 90       
  Permanent Deformation (AC Only) (in): 0.25 90       
  Permanent Deformation (Total Pavement) (in): 0.75 90       
  Reflective cracking (%): 100         
                          
  Location: Lake Charles   
  Project ID:     
  Section ID:     
        
  Date: 8/20/2009   
        
  Station/milepost format:     
  Station/milepost begin:     
  Station/milepost end:     
  Traffic direction: East bound   
                          
Default Input Level             
  Default input level Level 3, Default and historical agency values.   
                          
Traffic              
  Initial two-way AADTT: 6206           
  Number of lanes in design direction: 3           
  Percent of trucks in design direction (%): 50           
  Percent of trucks in design lane (%): 79           
  Operational speed (mph): 70           
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Traffic -- Volume Adjustment Factors             
Monthly Adjustment Factors (Level 3, Default MAF) 
      Vehicle Class 
Month 
Class 
4 
Class 
5 
Class 
6 
Class 
7 
Class 
8 
Class 
9 
Class 
10 
Class 
11 
Class 
12 
Class 
13 
January 1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  
February 1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  
March 1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  
April 1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  
May 1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  
June 1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  
July 1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  
August 1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  
September 1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  
October 1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  
November 1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  
December 1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  
                          
Vehicle Class Distribution   
Hourly truck traffic 
distribution   
(Level 3, Default Distribution)   by period beginning:   
  AADTT distribution by vehicle class   Midnight 1.6% Noon 6.3%   
  Class 4 0.0%         1:00 am 1.3% 1:00 pm 6.1%   
  Class 5 0.0%         2:00 am 1.3% 2:00 pm 6.1%   
  Class 6 5.4%         3:00 am 1.4% 3:00 pm 7.0%   
  Class 7 0.4%         4:00 am 1.7% 4:00 pm 6.2%   
  Class 8 14.7%         5:00 am 2.1% 5:00 pm 6.1%   
  Class 9 74.5%         6:00 am 3.5% 6:00 pm 4.4%   
  Class 10 2.5%         7:00 am 6.3% 7:00 pm 3.3%   
  Class 11 1.3%         8:00 am 7.1% 8:00 pm 2.7%   
  Class 12 0.9%         9:00 am 7.1% 9:00 pm 2.3%   
  Class 13 0.3%         10:00 am 6.2% 10:00 pm 2.0%   
                11:00 am 6.1% 11:00 pm 1.8%   
                          
Traffic Growth Factor             
                          
  Vehicle 
Class 
Growth 
Rate 
Growth 
Function 
              
                
  Class 4 2.1% Compound               
  Class 5 2.1% Compound               
  Class 6 2.1% Compound               
  Class 7 2.1% Compound               
  Class 8 2.1% Compound               
  Class 9 2.1% Compound               
  Class 10 2.1% Compound               
  Class 11 2.1% Compound               
  Class 12 2.1% Compound               
  Class 13 2.1% Compound               
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Traffic -- Axle Load Distribution Factors             
  Level 1: Site Specific 
                          
Traffic -- General Traffic Inputs             
  Mean wheel location (inches from the lane 
marking): 
18             
                
  Traffic wander standard deviation (in): 10             
  Design lane width (ft): 12             
                          
Number of Axles per Truck             
                          
  Vehicle 
Class 
Single 
Axle 
Tandem 
Axle 
Tridem 
Axle 
Quad 
Axle 
            
              
  Class 4 1.62  0.39  0.00  0.00              
  Class 5 2.00  0.00  0.00  0.00              
  Class 6 1.02  0.99  0.00  0.00              
  Class 7 1.00  0.26  0.83  0.00              
  Class 8 2.38  0.67  0.00  0.00              
  Class 9 1.13  1.93  0.00  0.00              
  Class 10 1.19  1.09  0.89  0.00              
  Class 11 4.29  0.26  0.06  0.00              
  Class 12 3.52  1.14  0.06  0.00              
  Class 13 2.15  2.13  0.35  0.00              
                          
Axle Configuration             
  Average axle width (edge-to-edge) 
outside dimensions,ft): 
8.5             
                
  Dual tire spacing (in): 12             
                          
  Axle Configuration             
    Tire Pressure (psi) : 120             
                    
  Average Axle Spacing             
    Tandem axle(psi): 51.6             
    Tridem axle(psi): 49.2             
    Quad axle(psi): 49.2             
                          
Climate              
  icm file: 
C:\DG2002\Projects\LAKECHARLES.icm     
  Latitude (degrees.minutes) 30.07             
  Longitude (degrees.minutes) -93.14             
  Elevation (ft) 17             
  Depth of water table (ft) 5             
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Structure--Design Features 
                          
  HMA E* Predictive Model:   NCHRP 1-37A viscosity based model.       
  
HMA Rutting Model 
coefficients:   NCHRP 1-37A coefficients       
  Endurance Limit (microstrain):   None (0 microstrain)       
  Reflective cracking analysis:   Yes       
                          
                          
Structure--Layers              
Layer 1 -- Asphalt concrete         
  Material type: Asphalt concrete       
  Layer thickness (in): 2       
                          
  General Properties             
    General               
    Reference temperature (F°): 70       
                          
    Volumetric Properties as Built               
    Effective binder content (%): 9.85       
    Air voids (%): 3.5       
    Total unit weight (pcf): 149.2       
                          
    Poisson's ratio: 0.35 (user entered)       
                          
  Thermal Properties             
  Thermal conductivity asphalt (BTU/hr-ft-F°): 0.67     
  Heat capacity asphalt (BTU/lb-F°): 0.23     
                          
  Asphalt Mix             
    Cumulative % Retained 3/4 inch sieve: 0       
    Cumulative % Retained 3/8 inch sieve: 15       
    Cumulative % Retained #4 sieve: 43       
    % Passing #200 sieve: 5.4       
                          
  Asphalt Binder             
    Option: Superpave binder grading       
    A 9.7150 (correlated)       
    VTS: -3.2080 (correlated)       
                          
    High temp. 
°C 
Low temperature, °C     
    -10 -16 -22 -28 -34 -40 -46     
    46                   
    52                   
    58                   
    64                   
    70                   
    76                   
    82                   
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  Thermal Cracking Properties             
    Average Tensile Strength at 14ºF: 440.38     
    Mixture VMA (%) 13.35     
    Aggreagate coeff. thermal contraction (in./in.) 0.000005     
    Mix coeff. thermal contraction (in./in./ºF): 0.000013     
                          
    
Load 
Time 
(sec) 
Low 
Temp. 
-4ºF 
(1/psi) 
Mid. 
Temp. 
14ºF 
(1/psi) 
High 
Temp. 
32ºF 
(1/psi)               
    1 3.47E-07 4.34E-07 5.43E-07               
    2 3.71E-07 4.93E-07 6.64E-07               
    5 4.04E-07 5.83E-07 8.66E-07               
    10 4.32E-07 6.63E-07 1.06E-06               
    20 4.61E-07 7.52E-07 1.3E-06               
    50 5.02E-07 8.9E-07 1.69E-06               
    100 5.36E-07 1.01E-06 2.07E-06               
                          
                          
Layer 2 -- Asphalt concrete         
  Material type: Asphalt concrete       
  Layer thickness (in): 7       
                          
  General Properties             
    General               
    Reference temperature (F°): 70       
                          
    Volumetric Properties as Built               
    Effective binder content (%): 8.96       
    Air voids (%): 3.6       
    Total unit weight (pcf): 151.4       
                          
    Poisson's ratio: 0.35 (user entered)       
                          
  Thermal Properties             
  Thermal conductivity asphalt (BTU/hr-ft-F°): 0.67     
  Heat capacity asphalt (BTU/lb-F°): 0.23     
                          
  Asphalt Mix             
    Cumulative % Retained 3/4 inch sieve: 2       
    Cumulative % Retained 3/8 inch sieve: 27       
    Cumulative % Retained #4 sieve: 58       
    % Passing #200 sieve: 4.1       
                          
  Asphalt Binder             
    Option: Superpave binder grading       
    A 9.7150 (correlated)       
    VTS: -3.2080 (correlated)       
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    High temp. 
°C 
Low temperature, °C     
    -10 -16 -22 -28 -34 -40 -46     
    46                   
    52                   
    58                   
    64                   
    70                   
    76                   
    82                   
                          
                          
Layer 3 -- JPCP (existing)         
  General Properties             
    Material type: JPCP (existing)       
    Layer thickness (in): 10       
    Unit weight (pcf): 145       
    Poisson's ratio: 0.2       
                          
  Strength Properties             
    Elastic/resilient modulus (psi): 2600000           
                          
  Thermal Properties             
    Thermal conductivity (BTU/hr-ft-F°) : 1.25       
    Heat capacity (BTU/lb-F°): 0.28       
                          
                          
Layer 4 -- Soil Cement         
  General Properties             
    Material type: Soil Cement       
    Layer thickness (in): 6       
    Unit weight (pcf): 150       
    Poisson's ratio: 0.2       
                          
  Strength Properties             
    Elastic/resilient modulus (psi): 2000000           
                          
  Thermal Properties             
    Thermal conductivity (BTU/hr-ft-F°) : 1.25       
    Heat capacity (BTU/lb-F°): 0.28       
                          
                          
Layer 5 -- A-4         
  Unbound Material: A-4       
  Thickness(in): 12       
  Strength Properties             
    Input Level: Level 3     
    Analysis Type: Representative value (User Input Modulus)     
    Poisson's ratio: 0.35     
    Coefficient of lateral pressure,Ko: 0.5     
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    Modulus (input) (psi): 15000       
    Moisture Content(%): -9999       
                          
  ICM Inputs             
    Gradation and Plasticity Index             
    Plasticity Index, PI: 5     
    Liquid Limit (LL) 21     
    Compacted Layer No     
    Passing #200 sieve (%): 60.6     
    Passing #40 82.7     
    Passing #4 sieve (%): 93     
    D10(mm) 0.0002981     
    D20(mm) 0.0008889     
    D30(mm) 0.00265     
    D60(mm) 0.07024     
    D90(mm) 2.057     
                          
    Sieve Percent Passing               
    0.001mm                 
    0.002mm                 
    0.020mm                 
    #200 60.6               
    #100                 
    #80 73.9               
    #60                 
    #50                 
    #40 82.7               
    #30                 
    #20                 
    #16                 
    #10 89.9               
    #8                 
    #4 93               
    3/8" 95.6               
    1/2" 96.7               
    3/4" 98               
    1" 98.7               
    1 1/2" 99.4               
    2" 99.6               
    2 1/2"                 
    3"                 
    3 1/2" 99.8               
    4" 99.8               
    
 
Calculated/Derived Parameters             
    Maximum dry unit weight (pcf): 118.4 (derived)     
    Specific gravity of solids, Gs: 2.70 (derived)     
    Saturated hydraulic conductivity (ft/hr): 8.325e-006 (derived)     
    Optimum gravimetric water content (%): 11.8 (derived)     
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    Calculated degree of saturation (%): 75.3 (calculated)     
                          
    Soil water characteristic curve parameters: Default values     
                          
    Parameters Value                 
    a 68.838                 
    b 0.99829                 
    c 0.47572                 
    Hr. 500                 
                          
                          
Layer 6 -- A-4         
  Unbound Material: A-4       
  Thickness(in): Semi-infinite       
                          
  Strength Properties             
    Input Level: Level 3     
    Analysis Type: Representative value (User Input Modulus)     
    Poisson's ratio: 0.35     
    Coefficient of lateral pressure,Ko: 0.5     
    Modulus (input) (psi): 15000       
    Moisture Content(%): -9999       
                          
  ICM Inputs             
    Gradation and Plasticity Index             
    Plasticity Index, PI: 5     
    Liquid Limit (LL) 21     
    Compacted Layer No     
    Passing #200 sieve (%): 60.6     
    Passing #40 0     
    Passing #4 sieve (%): 93     
    D10(mm) 0.0002981     
    D20(mm) 0.0008889     
    D30(mm) 0.00265     
    D60(mm) 0.07024     
    D90(mm) 2.057     
    Sieve Percent Passing               
    0.001mm                 
    0.002mm                 
    0.020mm                 
    #200 60.6               
    #100                 
    #80 73.9               
    #60                 
    #50                 
    #40 82.7               
    #30                 
    #20                 
    #16                 
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    #10 89.9               
    #8                 
    #4 93               
    3/8" 95.6               
    1/2" 96.7               
    3/4" 98               
    1" 98.7               
    1 1/2" 99.4               
    2" 99.6               
    2 1/2"                 
    3"                 
    3 1/2" 99.8               
    4" 99.8               
                          
    Calculated/Derived Parameters             
    Maximum dry unit weight (pcf): 118.4 (derived)     
    Specific gravity of solids, Gs: 2.70 (derived)     
    Saturated hydraulic conductivity (ft/hr): 8.242e-006 (derived)     
    Optimum gravimetric water content (%): 11.8 (derived)     
    Calculated degree of saturation (%): 75.3 (calculated)     
                          
    Soil water characteristic curve parameters: Default values     
                          
    Parameters Value                 
    a 68.838                 
    b 0.99829                 
    c 0.47572                 
    Hr. 500                 
                          
Distress Model Calibration Settings - Flexible          
AC Fatigue 
Level 3: NCHRP 1-37A coefficients (nationally 
calibrated values)       
    k1 0.007566               
    k2 3.9492               
    k3 1.281               
AC Reflective Cracking                 
    c 1               
      1               
                          
AC Rutting 
Level 3: NCHRP 1-37A coefficients (nationally 
calibrated values)       
    k1 -3.35412               
    k2 1.5606               
    k3 0.4791               
                          
    Standard Deviation Total 
Rutting (RUT): 
0.24*POWER(RUT,0.8026)+0.001 
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Thermal Fracture Level 3: NCHRP 1-37A coefficients (nationally 
calibrated values) 
    k1 1.5               
                          
    Std. Dev. (THERMAL): 0.1468 * THERMAL + 65.027 
    
                          
CSM Fatigue 
Level 3: NCHRP 1-37A coefficients (nationally 
calibrated values)       
    k1 1               
    k2 1               
                          
Subgrade Rutting 
Level 3: NCHRP 1-37A coefficients (nationally 
calibrated values)       
  Granular:             
    k1 2.03               
  Fine-grain:             
    k1 1.35               
                          
AC Cracking                 
  AC Top Down Cracking             
    C1 (top) 7               
    C2 (top) 3.5               
    C3 (top) 0               
    C4 (top) 1000               
                          
    Standard Deviation (TOP) 200 + 2300/(1+exp(1.072-2.1654*log(TOP+0.0001))) 
    
                          
  AC Bottom Up Cracking             
    C1 (bottom) 1               
    C2 (bottom) 1               
    C3 (bottom) 0               
    C4 (bottom) 6000               
                          
    Standard Deviation (TOP) 1.13+13/(1+exp(7.57-15.5*log(BOTTOM+0.0001))) 
    
CSM Cracking                 
    C1 (CSM) 1               
    C2 (CSM) 1               
    C3 (CSM) 0               
    C4 (CSM) 1000               
                          
    Standard Deviation (CSM) CTB*11 
    
                          
IRI                 
  IRI HMA Pavements New             
    C1(HMA) 40               
    C2(HMA) 0.4               
68 
 
    C3(HMA) 0.008               
    C4(HMA) 0.015               
                          
  IRI HMA/PCC Pavements             
    C1(HMA/PCC) 40.8               
    C2(HMA/PCC) 0.575               
    C3(HMA/PCC) 0.0014               
    C4(HMA/PCC) 0.00825               
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APPENDIX B – RESULTS OF MEPDG 
 
Project: Trial14             
Reliability Summary             
                          
                          
Performance Criteria 
Distress 
Target 
Reliability 
Target 
Distress 
Predicted 
Reliability 
Predicted Acceptable 
                          
  Terminal IRI (in/mi) 172 90 107 98.49 Pass 
  
AC Surface Down Cracking (Long. 
Cracking) (ft/mile): 2000 90 13.5 98.78 Pass 
  
AC Bottom Up Cracking (Alligator 
Cracking) (%): 25 90 0 99.999 Pass 
  
AC Thermal Fracture (Transverse 
Cracking) (ft/mi): 1000 90 1 99.999 Pass 
  
Chemically Stabilized Layer 
(Fatigue Fracture) 25 90   N/A 
  
Permanent Deformation (AC Only) 
(in): 0.25 90 0.38 12.24 Fail 
  
Permanent Deformation (Total 
Pavement) (in): 0.75 90 0.42 99.78 Pass 
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Surface down cracking – longitudinal 
 
 
 
 
Bottom up damage for alligator cracking 
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Bottom up cracking – alligator 
 
 
 
 
 
Thermal cracking: crack depth vs time 
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Permanent deformation: rutting 
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APPENDIX C – STATIONS ALONG I-10 USED FOR WIM AND CLASSIFICATION 
DATA 
 
Station details for eight stations along I-10 used for the study 
Station  number Route number Site details 
24 I-210 Ryan street overpass, Lake Charles 
106 I-10 2.0 miles west of LA91,Egan 
254 I-10 3.0 miles east of LA35, Rayne 
243 I-10 0.5 miles west of LA13, Crowley 
276 I-10 2.0 miles east of LA13, Crowley 
345 I-210 0.2 miles west of Lake street, Lake 
Charles 
471 I-210 1 mile south of I-10, Hollywood 
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APPENDIX D – CUMULATIVE 24 HOUR TRUCK PERCENTAGES 
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Cumulative 24 hour truck distribution at station 254 
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Cumulative 24 hour truck distribution at station 243 
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Cumulative 24 hour truck distribution at station 276 
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Cumulative 24 hour truck distribution for station 345 
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Cumulative 24 hour truck distribution for station 471 
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Cumulative 24 hour truck distribution for station 478 
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APPENDIX E – AXLE LOAD SPECTRA FOR VEHICLE CLASS 4 – CLASS 13 
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Single axle load spectra for class 4 vehicles 
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Tandem axle load spectra for class 4 vehicles 
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Tandem axle load spectra for class 5 vehicles 
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Single axle load spectra for class 6 vehicles 
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Tandem axle load spectra for class 6 vehicles 
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Single axle load spectra for class 7 vehicles 
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Tandem axle load spectra for class 7 vehicles 
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Tridem axle load spectra for class 7 vehicles 
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Single axle load spectra for class 8 vehicles 
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Tandem axle load spectra for class 8 vehicles 
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Single axle load spectra for class 9 vehicles 
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Tandem axle load spectra for class 9 ve icles 
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Tridem axle load spectra for class 9 vehicles 
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Single axle load spectra for class 10 vehicles 
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Tandem axle load spectra for class 10 vehicles 
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Tridem axle load spectra for class 10 vehicles 
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Quad axle load spectra for class 10 vehicles 
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Single axle load spectra for class 11 vehicles 
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Single axle load spectra for class 12 vehicles 
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Tandem axle load spectra for class 12 vehicles 
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Single axle load spectra for class 13 vehicles 
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Tandem axle load spectra for class 12 vehicles 
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Tridem axle load spectra for class 13 vehicles 
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APPENDIX F – REDUCTION IN PAVEMENT AGE 
 
 
Reduction in pavement age for 70-25-5 truck lane distribution 
 
 
 
Reduction in pavement age for 75-20-5 truck lane distribution 
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Reduction in pavement age for 75-15-10 truck lane distribution 
 
 
Reduction in pavement age for 80-10-10 truck lane distribution 
 
 
 
 
 
 
 
0
0.05
0.1
0.15
0.2
0.25
0.3
0 15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 240 255
S
u
b
 t
o
ta
l 
A
C
 r
u
tt
in
g
 i
n
 i
n
ch
es
Age of pavement in months
Without TLRS
TLRS with 
80% 
compliance
TLRS with 
90% 
compliance
3
AC layer permanent deformation limit
90 
 
 
Reduction in pavement age for 80-15-5 truck lane distribution 
  
 
 
Reduction in pavement age for 85-10-5 truck lane distribution 
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APPENDIX G – REDUCTION IN PAVEMENT AGE WITH CHANGE IN AADTT FOR 
80 PERCENT COMPLIANCE 
 
 
Reduction in pavement age with AADTT change for 70-25-5 truck lane distribution 
 
 
 
Reduction in pavement age with AADTT change for 75-20-5 truck lane distribution 
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Reduction in pavement age with AADTT change for 75-15-10 truck lane distribution 
 
 
 
Reduction in pavement age with AADTT change for 80-10-10 truck lane distribution 
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Reduction in pavement age with AADTT change for 80-15-5 truck lane distribution 
 
 
Reduction in pavement age with AADTT change for 85-10-5 truck lane distribution 
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APPENDIX H – REDUCTION IN PAVEMENT AGE WITH CHANGE IN AADTT FOR 
90 PERCENT COMPLIANCE 
 
 
Reduction in pavement age with AADTT change for 70-25-5 truck lane distribution 
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Reduction in pavement age with AADTT change for 75-20-5 truck lane distribution 
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Reduction in pavement age with AADTT change for 75-15-10 truck lane distribution 
 
 
Reduction in pavement age with AADTT change for 80-10-10 truck lane distribution 
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Reduction in pavement age with AADTT change for 80-15-5 truck lane distribution 
 
 
 
 
Reduction in pavement age with AADTT change for 85-10-5 truck lane distribution 
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